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ABSTRACT 

This workbook has been prepared for participants in 
the seminar, "Economic Evaluation of Building Design, Construction, 
Operation and Maintenance." It has two main functions: (1) to provide 
basic resource materials, references, and introductions to methods 
employed in the seminar; and (2) to provide instructional problems 
for solution by the participant*. Specifically, it contains brief 
discussions of key elements in performing economic evaluations: 
discounting, escalation, establishing a study period, project 
selection techniques, and treatment oi uncertainty; explanations of 
supporting analysis techniques— break-even analysis and replacement 
theory; and problems, worksheets, and solutions. Cross-references are 
given to related sections of a reference manual (NBS Handbook 135) 
and to case studies that illustrate the topics. The objectives of the 
seminar are to provide participants with a working knowledge of 
economic evaluation procedures for making building decisions, and to 
improve their decision -making abilities related to cost management 
and to the design and selection of buildings and building systems, 
seminar has been developed for building design engineers and 
architects, project planning and programming staff, managers of 
building programs, procurement officers and contract coordinators, 
building construction estimators, and building analysts. (Author) 
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dustry, and commerce; provides advisory and research services to other 
Government agencies; conducts physical and chemical research; develops, 
produces, and distributes Standard Reference Materials; and provides 
calibration services. The Laboratory consists of the following centers: 



• Basic Standards* 

• Radiation Research 
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The National Engineering Laboratory 



Provides technology and technical services ft the public and private sectors to 
address national needs and to solve national problems; conducts research in 
engineering and applied science in support of these efforts; builds and main- 
tains competence in the necessary disciplines required to carry out this 
research and technical service; develops engineering data and measurement 
capabilities; provides engineering measurement traceabilily services; develops 
lest methods and proposes engineering standards and code changes; develops 
and proposes new engineering practices; and develops and improves 
mechanisms to transfer results of its research to the ultimate user. The 
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the I ederal Information Processing Standards Program, developing f ederal 
M)P standards guidelines, and managing f ederal participation in ADP 
voluntary standardization activities; provides scientific and technological ad- 
visory services and assistance to Federal agencies; and provides the technical 
foundation for computer-related policies of the Federal Government. The In- 
stitute consists of the following centers: 
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Technology 
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Preface 

This workbook has been prepared for participants in the seminar, "Economic 
Evaluation of Building Design, Construction, Operation and Maintenance." It 
las two main functions: (1) to provide basic resource materials, references, 
and introductions to methods employed in the seminar and (2) to provide 
instructional problems for solution by the participants. 

Specifically, it contains brief discussions of key elements in performing 
economic evaluations: discounting, escalation, establishing a study period, 
project selection techniques, am 1 , treatment of uncertainty; explanations of 
supporting analysis techniques: break-even analysis and replacement theory; 
and problems, worksheets, and solutions. Cross references are given to related 
sections of a reference manual (NBS Handbook 135) and to case studies which 
illustrate the topics. 

The objectives of the seminar are to provide participant* with a working 
knowledge of economic evaluation procedures for making building decisions, and 
to improve their decision-making abilities related to cost management and to 
th« design and selection of buildings and building systems. 

The seminar has been developed for building design engineers and architects, 
project planning and programming statf, managers of building programs, 
procurement officers and contract coordinators, building construction 
estimators, and building analysts. 
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Sample 
Seminar Agenda 

Day 1 

8:45 Preliminaries 

9:00 Introduction to the Seminar (Section 1)* , 
9:30 Fundamentals of Benefit-Cost and LCC Analysis (Section 2) 
10:15 Break 

10:30 Class Problems in Discounting (Section 11) 
11:00 LCC, NB, NS, BCR, SIR, IRR, and PB Analysis 
12:00 Lunch / 

1:15 Pipe Insulation Retrofit Problem (Section 5) 

2:15 Break 

2:30 Programmable Time Clock Problem (Sections 10 and 11) 
3:30 Review and Discussion 

4:15 Adjournment ^ 

) 

* References in parentheses are to sections of the workbook. 
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vi 



8:45 Review of 1st Day Material - Questions and Answers 

9:15 Determining Project Priority 

9:45 Water Conservation Problem (Sections 10 and 12) 

10:30 Break 

10:45 Project Design, Sizing, and Selection 

11:15 Treatment of Cost Escalation 

12:00 Lunch 

1:00 Team Problem - Planning an Energy Conservation Package (Sections 10 

and 12) 

2:15 Sensitivity and Probability Analysis (Sections 6 and 7) 

2:30 Break 

2:45 Problem in Sensitivity Analysis . (Section 13) 

3:00 Problem in Probability Analysis (Section 13) 

3:30 Choosing a Study Period (Section 4) 

3:45 Adjournment 



er|c 
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Day 3 

f 

t 

4 



8:45 Review of 1st and 2nd Day'Material - Questions and Answers # ^ 

9:15 Break-Even Jjjgialysis (Section 8) * 

10:00 Team Problem - Break-Even Analysis in Support of a Labor/Machine 
• Decision for Procurement (Section 14) A 

10:30 Break 

10:45 Computer Room Waste Heat Recovery Problem (Sections 10 and 12) 

12:00 Lunch 

1:15 Replacement , Retirement, and Obsolescence (Section 9) 

1:45 Team Problem -^Determining Optimal Retirement of Equipment 

(Section 14) 

2:15 Break ^ * 

2:30 Team Critique of an Economic Evaluation Report (Section 15) 

3:20 Oroup Discussion of Economic Evaluation for Building Decisions 

3:45 Adjournment 



- J 
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This section contains the following selected GSA and OMB documents 
pertaining to the economic evaluation of buildings and building systems: 

(1) "Tech Aid on Life Cycle Costing" — Appendix 1-A of the GSA 
Design Handbook, which summarizes guidelines for construction- 
related economic decisions, 

(2) OMB Circular No. A-94 revised, which pertains to discount rates to % 
be used in evaluating time-distributed costs and benefits, and 

(3) OMB Circular No. \-10A, which pertains to comparative cost analysis^ 
for decisions t* lease or purchase general purpose real property. \ 

An additional document which is used extensively in. this seminar is 
Life-Cycle Cost Manual for the Federal Energy Management Program .^S Handbook 
135 (Rev.). It is provided separately from the Workbook. 

Relationship among referenced ^documents : Handbook 135 amplifies the 
methodology and procedures for life-cycle cost analysis of energy conservation 
projects established i/i Subpart v A of Part 436 of Title 10 of the Code of 
Federal Regulations, entitled "Federal Energy Management and Planning 
Programs." This methodology was developed to be consistent with the * 
guidelines on discounting in OMB Circular A-94, revised. However, an 
exception to Circular A-94's requirement 'for a 10 percent discount rate was 
provided by Section 405 of the Energy Security Act; the Act established a 7 
percent discount rate for energy conservation projects. The GSA Tech Aid on 
Life-Cycle Costing, compiled for GSA staff and contractors is in turn 
consistent with Handbqok 135. 

i-i 12 



OMB Circular A-104 presents the method of evaluating lease-buy decisions for 
acquisition of general purpose real property valued at $500,000 or more, and 
hence, contents the method of securing the property in question, rather than 
the issue of whether or not having the property will be cost effective* This 
document is provided for the convenience of the user, because the decisions 

9 

concerning project cost effectiveness and cost-effective acquisition of 
property generally go hand-in-hand* \ 

\ 

n 

\ 

-J 
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SUbjeCt life CYCLE COSTING 



1. FORMULAE 



Unless otherwise directed in oontract documents, construct ion plated 
economic decisions shall employ a present value 1 if e ^cle cost analysis 
in accord with the Code of Federal Regulations, Title 10, Part J36-A. In 
addition, and in summary, the following formulae and considerations shall 
apply. Formulae Notation: 

PV s Present Value 

FV = Future Real Value 

TV = Today's Value . t , . . , 

e = real growth escalation rate (the differential escalation rate which 
exists after removing the influence of general inflation. See 2.4 oi 

n = numbe^f n years to occurrence or the analysis period, as appropriate 
d s real discount rate 

1.1 Sunk Costs (those already, spent or irrevocably committed) shall be 
ignored in LCC calculations. Such costs include: 

. Study costs 

. Construction work already started or completed 

. Design costs where the expense is obligated by contract regardless 
of design solution. 

1.2 Implementation (First) Costs shall be of estimated ; todav ' s ™lue» 
and as such are by their nature in present value. See paragraph 2.3 
of this Appendix. Such costs may include: 

. Site acquisition 

. Site survey/testing 

. Design related fees 

. Moving/relocation 

. Demolition of existing uess salvage) 

. Corrective Repair and Alteration to existing work 

. Construction (with contingencies) 

. Construction supervision — x 

1.3 Non-recurring future costs will usually involve such needs as: 

, Major replacement 

. Non-annual maintenance and repair 

. Implementation costs for major alterations to existing work 
including those cost elements described above for 1.2. 




1.3.1 The present value of such costs can be treated by escalating a 
known "today's value" to its future value using a real growth 
escalation rate, then disjounting that future value to a 
present value. 

. Escalate the known today's value to the future value in 
constant dollars. ..Fv s TV (1+e) n f then discount that 
future value back to the present value. PV = FV/(1+d) n . 
The term (1/Ud) n is known as the Single Present Worth 
(SPW) factor and is tabulated on page 114 of the referenced 
LCC Manual. 

1.3.2 Or the combined procedure is represented by the equation 
PV = TV (Ue/Ud)". Note: If e = o, then PV = TV(1/1+d)n 



1.1 Uniform Annually Recurring Constant Dollar Costs may involve such 
costs as: 



. Service contracts with an^inflation adjustment clause 

. Preventive maintenance 

. Scheduled minor replacements 

. Annually recurring costs which increase in price at the same rate 
as general inflation. 



1.4.1 These can be converted to present value by the Uniform Present 
Worth (UPW) formula: 

PV = TV (UPW) , Where UPW = (1+d) n - 1. 



The Uniform Present Worth (UPW) factor is tabulated on page 
115 of the referenced LCC Manual. 



1.4.2 This assumes that the cost of an activity will escalate with 
inflation and hence has a zero real growth rate. 

1.5 Annually recurring costs which escalate in real value are usually 
associated with such costing elements as: 

. Service/maintenance which involves increasing amounts of work 
and/or an escalation in cost different from general inflation. 
. Fuel (utility) costs (see paragraph 1.6). 

. Certain types of frequent replacement which escalate at a different 
rate than general inflation. \ 



d (Ud) n 
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15 1 The Present Value relationship of such costs can be calculated 
by using the following modified version of the UPW formula 
(UPW*) which allows for cost escalation: 

PV a TV (UPW«), 

Where if e = d f UPW» = n 

if e i d, and e is constant over n, then 



. m+e)/(Ud)) n - 1 
UPW - 1 - (Ud)/(Ue) 



or 




NOTE: The 1980 ASHRAE Systems Handbook representation of this 
equation is incorrect (p. 45.4) and so noted in its errata. 

1 6 Recurring fuel cost can be represented in present value by employing 
a modified Uniform Present Worth <UFW») factor that takes into 
account multiple escalation rates. The UPW» factors are found in the 
CFR Title 10, Part 436-A, shown tabularly in Tables B-1 thru 11 by 
Region, Billing Sector (e.g., commercial), Fuel Type, and analysis 
period. The formula to be applied is as follows: 

PV = TV (UPW») 

1.6.1 Generally, the Today's Value (TV) of fuel costs should be 
calculated as the annual quantity of fuel times the actual 
local fuel pricing charged by the impacted utility at the 
beginning of the study period. 

1 6.2 Electric demand charges should be assumed to escalate at the 
same rate as shown in Tables B-1 thru 11 for electricity con- 
sumption unless actual escalation rates for demand are 
provided by the local utility. 

PROCEDURES AND APPROACH 

2.1 When defining alternates for life cycle costing, an acceptable level 
of overall building service must be maintained for the analysis 
period. Costs which are common to all options may be ignored. 

2.2 All design alternates shall be compared against a baseline reference 
option . 
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2.2.1 The baseline roust represent all costs and actions necessary to 
support the impacted service functions over the entire analy- 
sis period for the lowest total installation cost of the 
considered options. 

2.2.2 Where the existing conditions will form part of the baseline, 
there shall be those additional costs necessary to offer code 
compliance to impacted services, and all associated work iden- 
tified in GSA Repair and Alteration Planning documents, and 
all costs necessary to ensure reliable operation. 

2.2.3 The baseline must represent a logical evolution of building 
costs employing state-of-the-art design options. 

2.2.4 Generally, the building system designs and guidance contained 
in this Design Management Handbook shall serve as input to the 
baseline for performance and policy requirements. 

2.3 Unless directed otherwise in contract documents, all first costs of 
implementation shall be assumed to occur instantly, at the beginning 
of the analysis period. See paragraph 2.8 of this appendix. 

The Code of Federal Regulations (CFR) Title 10, Part 436-A, presently 
speaks to a 10% adjustment to the initial investment for all energy 
conservation projects. Hence, only 90% of the initial investment 
costs are included in calculating the net benefit and the cost 
indices mentioned in Section 3.1 of this Appendix. This reduction 
allowance was provided in the LCC Rulemaking to compensate for exter- 
nal beneficial side effects associated with conservation measures; 
socio-economic, national security, etc. This factor shall be applied 
to all concepts which have been developed specifically to conserve 
energy (such as in energy studies). 

However, the adjustment factor looses meaning when applied to new and 
retrofit projects where the compared design alternates involve energy 
• usage but are not being pursued expressly to conserve energy. Here 
the 10% adjustment serves only to benefit the concept which has the 
highest dollar return, which may be more associated with non-energy 
cost avoidance suoh as repairs, maintenance, etc. Consequently, for 
all new construction projects and for projects not specifically 
developed to conserve energy, the 10* adjustment should be ignored, 
allowing the total investment cost to be applied in the analysis. 

2.4 All future cost projections shall be established by escalating a 
known "todays value" with a real escalation rate: this will 
represent that cost in "constant dollars." That constant dollar 
future cost shall be discounted with a real discount rate to present 
value: In this process of discounting, future costs are expressed in 
"constant dollars." 
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When converting escalation projections which are actual cash flow 
rates (also referred to as budgetary or nominal rates) to an escala- 
tion rate in real terms (without inflation), the following formula 



Hence, to convert a given budgetary projection of 15% to real terms, 
allowing for say 10% inflation, the real growth escalation would be: 
e = ((1 ♦ .15)/(1 + .10)) - 1, for e = 0.0454 or 4.54%. 

An exact accounting shall be -nade for those alternate and baseline 
investment and replacement costs directly associated with implementa- 
tion and continued building service. However, to simplify the 
analysis, all recurring cost avoidance may be considered to be in 
relationship to the initial differences that, exist between the alter- 
nate and the baseline: Hence, for simplicity^ an expected future 
change in, say, a baseline's annual energy consumptior may be 
ignored, allowing the consumption usage of the initial baseline 
condition to be assumed over the entire analysis period. An exact 
accounting of fluctuating recurring costs will be required only if so 
stated in contract documents. v 

.The analysis period shall be as required to fully represent all major 
costs to the Government and as stated within the CFR, Title 10, Part 
436-A. 

2.6.1 All mutually exclusive options shall be considered over the 
same analysis period * 

2.6.2 Where possible, the analysis period should be the smallest 
whole multiple of the service lives for the major systems 
involved in the analysis. (Example: With Option A the 
service life of 2 years is expected before replacement; with 
Option B the life of 3 years is anticipated; the smallest 
whole multiple of 6 would then be an appropriate analysis 
period.) Life expectancies of r.ajor equipment can best be 
obtained from manufacturers. Also, the ASHRAE Systems 
Handbook, page 45.2, has equipment life listings which may be 
appropriate. 

2.6.3 Unless otherwise directed in design programming documents, the 
analysis period shall in no case exceed 25 years. 



applies: 



E z e + I + el, or 

Where: E s budgetary escalation 

e = real growth escalation 
I s inflation rate 
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2.7 For those instances where either the baseline or alternate have 
service life beyond the analysis period, an allowance shall be pro- 
vided for that associated residual service worth. This shall 
involve: (1) identifying the residual constant dollar value at the 
end of the analysis period, defined by the Intercept of a straight 
line depreciation from the installed constant dollar cost to its end 
of service salvage value, and (2) discounting that residual constant 
dollar value to its present value. 

2.8 Because of the design and construction process, the period between \ 
the identification of a retrofit option and its implementation may 
involve a lead time of several years. When comparing a retrofit 
option which hts a multi-year lead time to a baseline case, the 
following applies to the treatment of costs impacted by the lead time. 

2.8.1 All costs that must be incurred during lihe lead time, 
regardless of whether the retrofit option is adopoted, should 
be deemed sunk and excluded from the analysis of both the 
baseline case and the retrofit option. 

2.8.2 All deferable lead time costs that are avoidable if the > v 
retrofit option is adopted, should be included as a cost for 
the baseline case but not for the retrofit option. To sim- 
plify this analysis, the lead time can be compressed and the 
avoidable costs for the baseline can be assumed to occur at 

the start of the analysis period as with the investment cost 
of the retrofit option: When doing so, however, all future 
planned year projections of investment and replacement cost 
occurrence must be adjusted to occur earlier in the analysis 
by the length of the lead time period. 

2.8.3 For mutually exclusive options where lead time results in 
significant differences in cost advoidance, a more rigorous 
analysis shall be provided which reflects the lead time. This 
nay require the discounting of investment and other costs to 
take into account their lead time. 



3. ANALYSIS PRESENTATION 

3.1 Indices: Unless otherwise noted, the following relationships shall 
.be calculated for life cycle cost alternates. 

3.1.1 For all life cynle cost analyses, calculate: 

- Savings to Investment Ratio (SIR): The ratio of the 
present value savings of an alternate to its increase in 
present value implementation costs. 

- Net Savings (NS): The difference in total life cycle cost 
between the baseline and a concept alternate. 



3.1.2 For energy conservation retrofit projects, also calculate: 

- Energy Savings to Investment Ratio (ESIR): The ratio of 
the annual source energy savings in 1,000 Btu's ( MBTU ) to 
the initial investment costs in dollars. 

- Energy Cost Savings Ratio (ECSR): The ratio of the present 
value energy savings to the initial investment cost. 

3.2 For each design option, the life cycle costing elements shall be 
summarized in the format as shown on the attached data sheet. 

3 3 Detailed calculation cost back-up sheets may consist of the forms 
shown in the referenced LCC Manual or any other orderly format as 
agreed-to by GSA Reviewing Officials. 

3 4 Computer representation of costs shall be acceptable only if provided 

with a manual example showing equivalency of calculation with one of 
the computerized solutions. v 

4. INTERPRETATION 

4.1 Due to possible margins of error, where comparative economic analysis 
shows a difference less than 10 percent, the economic analysis may be 
considered indeterminate at the discretion of GSA Reviewing Officials. 

4 2 Life Cycle Cost analysis may be subject to overriding qualitative 

" considerations: e.g., occupancy impact, safety concerns, or problems 
of reliability. 
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DESIGN MANAGEMENT DIVISION 
DESIGN PROGRAMS BRANCH 
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Building Name: 
Project Name: 
Concept Title: 



Building Number: 
Project Number: 



Analysis Data: Period s 

Energy Data: Saved Fuel Type 
Unit Fuel Cost 



Years, Real Discount Rate 

t Source Amount 

, , DOE Region 



X, Date: / / 



= z = 



MBTU/YR . 



, Sector 



COST ELEMENTS 



BASELINE 



ALTERNATE 



a. Construction Cost 

b. Contingencies (0.05 x a) 

c. Design Fee + Award Costs 

d. Construction Supervision 

e. Moving Costs 

f. Relocation Costs 

g. Initial Training Costs 

h. Other First Costs 



(1) SUBTOTAL (add above) 

i. TV Energy Cost/Year 

j. PV All Energy Costs 

k. TV Maintenance Cost/Year 

1. PV All Maintenance Costs 

m. TV Service Cost/Year 

n. PV Service Costs 

(2) SUBTOTAL (j + 1 + n) 

o. TV Future Replacements 

p. PV All Future Replacements 

q. TV Salvage 

r. PV Salvage 

s. Depreciated Residual Worth 

t. PV Residual Worth 

(3) SUBTOTAL (p - r or t) 



TOTAL LIFE CYCLE COST 
OM2M3) 



$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 



$ 
$ 
$ 
$ 
$ 
$ 



$ 
$ 
$ 
$ 
$ 
$ 



$ 



$ 
$ 
$ 
$ 
$ 
$ 
$ 
$ 



$ 
$ 
$ 
$ 
$ 
$ 



$ 
$ 
$ 

$ 
$ 
$ 



DIFFERENCE 



w. $ 

y. $ 



V. $ 



X. $ 



u. 



Net Savings (NS) = u. 

Savings to Investment Ratio (SIR) = v/(w + x) = . 

• For Energy Conservation Projects, this value should be adjusted to be 10% 
less than estimated actual investment cost. 



For Energy Conservation Projects: 

Energy Savings to Investment Ratio = z/w = 
Energy Cost Savings Ratio s y/w s 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

WASHINGTON. DC 20903 



March 21, 1972 BEST COPY AVAILABLE CIRCULAR NO. A-94 

Revised 

TO THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS 

SUBJECT: Discount rates to be used in evaluating tine- 
distributed costs and benefits 

<» 

1 Puroose. This Circular prescribes a standard discount 
rate to ' be used in evaluating the measurable costs &?d/or 
benefits of programs or projects when they are distributed 
over time. 

2. Rescission . This Circular replaces and rescinds Office 
of M anagement and Budget (0MB) Circular No. A-94 dated 
June 26, 1969. 

.* 

3. Scope . 

a. This Circular applies to all agencies of the execu- 
tive branch of the Federal Government except the U.S. Poswal 
Se-vice The discount rate prescribed in this Circuia- 
ao-lies to the evaluation of Government decisions concerning 
thS initiation, renewal or expansion of all programs or 
orojocts, other than those specifically exempted beiow, -o. 
vnich the adoption is expected to commit the Government to, a 
series of measurable costs extending over three or mo.e 
years or which result in a series of benefits tnat exte..d 
three or more years beyond the inception date. 

b Soecifically exerrrated from the scope of this Circular 
are decisions concerning water resource projects (guidance 
for which is the approved Water Resources Princiol^ a . n ^ 
Stan dards ) , the Government of the District oi Coiumoia, a..c 
ncn-Federal recipients of Federal loans or grants. 

c The remaininc exemptions derive from the secondary 
natu-e of the decisions involved; that is, how to acquire 
Lets or proceed with a program after an affirmative decision 
to initiate, renew, or expand such a program using this 
Circular. Thus: 

(1) This Circular would not apply to the evaluation 
of decisions concerning how to obtain the use of real prc?- 
ertv, such as by lease or purchase. 
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(2) This Circular would net a??ly to the evaluation 
of decisions concerning the acquisition of commercial-type 
services by Government c'r contractor operation, guidance" 
for which is 0M2 Circular :io . A-75 ': 

(3) This Circular would net apply to the evaluation 
of decisions concerning how to select automatic data process- 
ing equipment, guidance for which is OMB Circular No/ A- 5 4 
and OMB Bulletin No. 60-6. 

d. -The discount rates prescribed in this Circular are: 

(1) Suggested for use in the internal planning 
documents of the agencies in the executive branch; 

(2) Required for use in program analyses submitted 
to the Office of Management and Budget in support of legis- 
lative and budget programs . 

This Circular does not supersede agency practices which are 
prescribed by or pursuant to law, Executive order, or other 
relevant Circulars. Agencies should evaluate their programs 
and projects in accordance with existing requirements and, 
in addition, summarize the present value costs and/or bene- 
fits using the discount rate prescribed in this Circular. 

\ 

4. Definitions . Analytic documents submitted to the Office 
of Management and 3udget should be based on the following 
concepts where relevant: 

a. Expected annual cost means the expected annual dollar 
vaiue (in constant collars) of resources, goods, and services 
required to establish and carry out a program or project. 
Estimates of expected yearly costs will be based on estab- 
lished definitions and practices for program and project 
evaluation. However, all economic costs, including acquisi- 
tion, possession, and operation costs, mast be included 
whether or not actually paid by the Federal Government. 

Such costs net generally involving 1 a direct Federal payment 
include imputed market values of public property and* State 
and lecai property taxes foregone" 

b. Expected annual benefit seans the dollar vaiue (ir. 
constant dollars) of goods and services expected to result 
fro- 2 program or project- for each of the years it is in 
operation. Estimates of expected yearly benefits will be 
based :r. established definitions and practices developed by 
icer.cies zzr program and project evaluation. 
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c. Expected annual effects means an objective, non- 
monetarv measure of program eiiects expectec -or eac o. 

be estimated fo? each year of the planning period and are 
not to be discounted. 

d Discount rate means the interest rate used in calcu- 
lating t he present va lue of expected yearly costs and bene- 
fits. 

e Discount factor means the factor for any specific 

renewal or expansion of a program or project. 

f present value cost means each year's expected 
yeariv c ost multipliec by its discount factor anc then 
summed over all years of the planning penoc. 

a present value benefit means each year's expected 
yearl^ b enefit multiplied by "its discount factor ana tnen 
summed over all years of the planning penoc. 

u preeen^ value net benefits means the difference 
h * Presenw ZuZ nt eT c) and cresent value 

between present value oene-i*- ute^. « ; . 

cost (item f ) . 

i. Benefit-cost ratio means present value benefit 
(item a) divided by present value cost (item f ) . 

Attachment A contains an example that illustrates calcula- 
tion of the present value information. 

ber.ents -or eac.. yea- u- u< ; . -- n .. a i Durchasinc 

in constant dollars; i.e., in terms of Me 5 ene.a pur » 
powir^rThe dollar at the time of dec i . -^^"^fit 
re£leC ^« an ^Le\he% E !rriiason^le basis for estimating. 

ssrssk: t u :.si; e ou?d x Hjsivwe^^ 

in the general price level daring tne p-annm 9 t>-* 
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5. Treatment of ur.certair.-v . Actual costs and benefits ir. 
future years are likely tc differ fro:?, thc-'se expected at 
the time of decision. For these cases for which there is a 
reasonable basis to estimate the variability of future costs 
and benefits, the sensitivity of proposed programs and 
projects to this variability" should be evaluated. 

The expected annual costs and benefits (or eff.ects) should 
be supplemented with estimates of minimum and maximum values. 
Present value cost and benefits should be calculated fcr 
each of these estimates. The probability that each of the 
possible cost and benefit estimates may be realized should 
also be discussed, even when there is no basis for a precise 
quantitative estimate. Uncertainty of the cost and benefit 
(or effects) estimates should be treated explicitly, as 
described above. The prescribed discount rate should be ' 
used" to evaluate all alternatives. Specifically, the evalua- 
tions should not use different discount rates to reflect the 
relative uncertainty of the alternatives. 

7. Disccunt rate policy . The discount rates to be used fcr 
evaluations of programs and projects subject to the guidance 
cf this Circular are as fellows: 

a. A rate of 10 percent; and, where relevant, 

b. Any other rate prescribed by or pursuant to law, 
Executive order, or other relevant Circulars. 



The prescribed discount rata of 1C percent represents an 
estimate cf the average rate of return on private investment, 
before taxes and after inflation. 



To assist in calculation, Attachment 3 contains discount 
factors fcr the discount rate of 10.0 percent for each or" 
the years from one to fifty. 

5 • I.-.terrre-atior. . Questions concerning interpretation cf 
this Circular snculd be addressed tc the Assistant ::rectc: 
fcr Evaluation, C f f ice cf Mar. a cement and Bud est i'295-3£14 
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Revised 
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E FORMAT FOR DISCOUNTING DEFERRED COSTS AND BENEFITS 



Assume a ten-year program which will commit the Government to 
the stream of expenditures appearing in column (2) of the 
table below and which will result in a series of benefits 
apDearing in column (3). The discount factor for a 10 percent 
discount rate is presented in column (4). Present value cost 
for each of the ten years 'is calculated by multiplying column (2) 
by column (4); presen* value benefit for each of the ten years 
is calculated by multiplying column (3) by column (4,. P^sent 
value costs and benefits are presented in columns (a) and (6), 
respectively. , 



Present 

Year since v ** ue 
initiation, Expected Expected Discount cost 
renewal or yearly yearly factor for LCol. 2) x 



expansion 



Col. (4)] 



1 
2 
3 
4 

5 
6 
7 
8 
9 
10 



(2) 


(3) 


(4) 


(5) 


$10 


$0 


0.909 


$9.1 


20 


0 


0.826 


16.5 


30 


5 


0.751 


22.5 


30 


10 


0.683 


20.5 


20 


30 


. 0.621 


o 1214 


10 


40 


0.564 


5.6 


5 


40 


0.513 


2.6 


5 


40 


0.467 


2.3 


5 


40 


0.424 


2.1 


5 


25 


0.386 


1.9 








$$5.5 



Present 

value 
benefit 
(Col. (3) x 
Col. (4)1 
(6) 

$0.0 

0.0 

3.8 

6.8 
18.6 
22.6 
20.5 
18.7 
17.0 

9.7 
$117.7 



$95.5 
$11 



"7.7 



The sum of column (5) is present value cost: 
The sum of column (6) is present value benefit: 

Present value net benefit is the difference between present 
value total benefit and present value total cost: 
$117.7 - $95.5 » $22.2. 

The benefit-cost ratio is 117.7/95.5 « 1.23. 

NOTE : For more difficult discounting problems, a recommended 
reference is Principles of Engineering Economy , by 
Eugene L. Grant and W. G. Ireson, Ronald Press Company, 

1960 BEST COPY AVAILAgLE 



9 

ERIC 



,26 



k 


BEST COPY AVAILABLE 










ATTACHMENT B 






\0mmmm 


cular No. A- 9 4 








Revised 


tS 


DISCOUNT FACTORS 


i 


Year since 




VttS 0 « m a a 

X1A4 SiliW© 




initiation, 




4 VI 4 4» 4 a 4» 4 aw 




renewal or 


Discount 

• mm ^0 Sw* Mil ■» 


if tniui 1 nr 


Discount 


expansion 




•xp«n r >.on 


factors* 


1 


0 909091 


26 


A. A A ^ A A P 

0 . 083905 


2 


0 826446 


27 


0 • 076278 


3 


0 751315 


2fl 


U . 06 r J 4 J 


4 




2Q, 


0 . 063039 




0.620921 


J V 


A A C *? A A 

v 0.057309 


6 


0 564474 


J X 


A a e a a a a 

0 . 052099 


7 


0 513158 


1 7 

J e» 


0 . 04 / 362 


8 


Wi iodvv r 


J J 


0.043Co7 


9 




34 " * 


A A A A 1 « ^ 

0 . 03914 3 


10 


0 385*541 


J W 


A A ^ 0 * A A 

0 .p35s34 


11 


0 350494 


16 
J 0 


A A ^ A ^ « A 

0.032 349 


12 


Q 31 fig Vi 


17 


A A A A A A * 

0 .02940c 


13 


0. 289664 


38 


A AS AS A* mm m m 

0 . 026 / 35 


14 


0.263331 


39 


A A A 4 "1 A 4 

0.024304 


15 


0.239392 


40 


0 .022095 


16 


0,217629 


41 


A A A A AS fS P 

0 . 020036 


17 


0.197845 fc 




A Am H PS *S ^ AS 

0 . 018260 


13 


0.179859 V 


43 




19 


0.163503 


44 


0.015091 


' 20 


0.148644 


45 


0.01371S 


21 * 


0.135131 


46 


0.012472 


22 


0.122846 


47 


0.011328 




0.111678 


48 


0.010307 


24 


0.101526 


49 


0.005270 


25 


0.092296 


50 


0.0025:3 



'The discount factors presented in the table above imriicitiy 
assume end-cf-ryear lump-sum costs and returns. When* costs 
and returns occur in a steady stream, applying mid-vear dis- 
ccunt factors may be acre appropriate, "present value cost 
a::d benefit computed from this table car. be converted to & 
mid-year discounting basis by multiplying them bv the factor 
1.043809. 

Fcr example, if the present value cost of a series of annual 
expenditures computed from the above table is $1,200.00. the 
present valuu cost cn a mid-year discounting basis is 

oe x 1.043309 cr si, 25s. 5:. 
1 - 27 
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EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

WASHINGTON. O.C. 20903 



June 14, 1972 CIRCULAR NO. A-104 



TO THE HEADS OF EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS 

SUBJECT: Comparative cost analysis for decisions to lease 
or purchase general purpose real property 

• 

1. Purpose . This Circular prescribes the economic basis 
for determining whether general purpose real property to 
be acquired for Government programs should be leased or 
purchased. 

2. Scope . 

a. The economic analysis prescribed in this Circular 
applies to tlve acquisition of general purpose real property 
such as office buildings/ warehouses, and associated land 
for which estimated land and construction coats or market 
value is $500,000 or more. 

b. The Circular does not preclude non-economic con- 
siderations, such as historic values, special conditions 
applying to overseas property, restricted access, and 
statutory requirements. 

c. Analyses and decisions made under the guidance of 
this Circular should be based upon maximum agency use of 
long-term lease authority that may be requested of the 
General Services Administration as provided by the Federal 
Property and Administrative Services Act (40 USC 486(d), 
490(h)(1) and Federal Property Management Regulations 
(101-18. 107b) \ 

3 . Applicability . 

a. This Circular applies to all agencies of the 
executive branch of the Federal Government except the 
United States Postal Service. It does not apply to the 
Government of the District of Columbia, or to non-Federal 
recipients of Federal loans or grants. 

b. This Circular does not supersede agency practices 
concerning the acquisition or use of general purpose real 
property which are prescribed by or pursuant to law, Execu- 
tive order, or other Circulars except for those portions 
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of paragraph 6, Circular Mo. A-76, Revised, dated August 30, 
1967, that apply to the determination of minimum cost lease- 
or-purchase alternatives. 

c. This Circular dees not preclude consideration of 
undiscounted cash flows for budgetary or other purposes. 
Kowever, undiscounted cash flow analysis will not be the 
basis for identifying the most economic* of lease-cr-purchase 
alternatives. 

d. The guidelines in this Circular are suggested for 
use in the internal planning documents of the agencies in 

the executive branch and required for use in all prospectuses , 
proposed legislation, budget justifications or other propos- 
als" submitted to the Office of Management and Budget and the 
Congress. 

4. General requirements for analysis . The analysis of 
lease-or-purchase alternatives should be based on the 
following guidelines: 

a. ill economic costs incurred as a result of Federal 
acquisition of property must be included whether or not 
actually paid by the Federal Government. Such costs not 
generally involving a direct Federal payment include imputed 
market values of public property, State and local property 
taxes, and imputed insurance premiums. 

b. The costs that will occur in each year of the period 
of analysis must be estimated in constant dollars (i.e., 
effects of inflation excluded) in terms of the general price 
lavel at the time of acquisition. 

c. Acquisition alternatives will be compared on the 
basis of the expected time period of stable program use of 
the property. If such period is greater than the contract 
term permitted under authority for long-term leasing, the 
analysis should assume renewal of the lease at the last 
constant dollar payment. 

d. Cost projections may be changed over the period of 
analysis to reflect only real changes in cost3 due to 
changes in amounts of services or their prices relative to 
the general price level — for example, an increase in amount 
of repair and improvements at prices in effect at the 
beginning of the period of analysis or an increase in the 
relative price of these services. 
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e. The present values of alternative cost projections 
over the relevant time period will be the basis for deter- 
mining the most economic choice. 

f . The discount rate applied to cost projections to 
determine present value will be seven percent. This rate 
represents an estimate of the internal rate of return on 
general purpose real property leased from the private 
sector, exclusive of property taxes and expected inflation. 
This rate is influenced by IRS tax treatment of real 
property and by separate handling of property taxes in this 
Circular; this rate is specific to lease-or-purchase 
decisions and is not comparable to before tax rates of 
return that the OrTTce of Management and Budget specified 
in Circular No. A-94, Revised. The Office of Management 
and Budget will periodically review this estimate based 
upon the above criteria and will revise the rate as necessary 

5. Costs to be included . Constant dollar cost projections 
will include the following, adjusted as necessary to insure 
valid comparisons: 

a . Federal purchase alternative . 

(1) Purchase costs (include all construction, 
installation, site, design, management, and other costs 
associated with the acquisition of the asset and its prepa- 
ration for use) ; 

i 

j 

(2) Repair and improvement; 

(3) Operation and maintenance; 

(4) Imputed property taxes (exclude consideration 
of foreign taxes on overseas acquisitions unless actually 

paid) ; 

(5) Imputed insurance premiums; and 

(6) Cost offset: residual value at end of period. 

b. Lease alternative. 



(1) Lease payments; 

(2) Repair and improvement (if not included in 
lease payments) ; and • 

(3) Operation and maintenance (if not included in 
lease payments) . 
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c. Lease-purchase (or purchase-contra ct) alternative. 

v 

(1) Lease payments; 

(2) Repair and improvement (after purchase or if 
not included. in lease payments prior to purchase); 

(3) Operation and maintenance (after purchase or 
if not included in payments prior to purchase) ; 

(4) Purchase costs (when acquired) less applicable 
credit for previous payments; 

(5) Imputed property taxes (after purchase or if 
not included in payments prior to purchase) ; 

(5) Imputed insurance premiums (after purchase) ; 

and «. 

(7) Cost offset (after purchase) : residual value 
at end of period. 

6. Costs that may be excluded . Some costs may be excluded 
from each of the alternative cost projections il they are 
estimated to be the same for all alternatives or too small 
tc affect the economic choice among the alternatives under 
consideration; for example, such conditions may exist for: 

a. Repair and improvement costs; 

b. Operation and main.tar.ance ccszs : 

c. Property taxes; and 

d. Insurance premiums. 

7. Estimating certain costs . Potential problems of 
estimating certain costs should be resolved as follows: 

a. Purchase costs . Determine market value for property 
that is already owned, donated, or acquired by condemnation. 

b. Imputed property taxes . 

(1) Determine the property tax rate for comparable 
property in the intended locality/ If there is no basis by 
which to estimate future changes in tax rates and assessed 
(taxable) value, the first-year rate and assessed value can 
be applied to ail years. 
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(2) Multiply the assessed value by the tax rate 
to determine the annual charge. 

(3) As an alternative to the procedure of section 
7.b(l)-(2) above, obtain an estimate of the local effective 
property taxes from the Building Owners and Managers Associa- 
tion's Regional Exchange 'Reports . If there is no basis for 
estimating future property taxes, the first-year rate can 

be applied to all years. 

c. Imputed insurance premiums . Determine local estimates 
of standard, commercial coverage for like property from the 
Building Owners and Managers Association's Regional Exchange 
Reports . 

d. Annual lease payments . 

* (1) Determine annual lease payments for comparable 
property and terms of lease in the intended locality at the 
time of prop^yecTajcquisition. 

(2) When estimates of lease payments are based on 
actual lease contracts on comparable property, they should 
be adjusted to exclude the expected inflation for the period 
to first renewal, as described in Attachment A. 



e. 



Cost offset: residual value at end of period. 



(1) The objective is to predict the market value of 
the property at'tAe end of the time period under considera- 
tion, excluding inflation. 

(2) Residual values of property are determined by 
applyina a method that best approximates the historically 
observed changes in market values experienced by the Govern- 
ment. The residual value of the property is obtained by 
addina the results of a decrease in the constant dollar market 
value "of the building and an increase in the constant dollar 
market value of the site. To approximate the residual value 
of the building, a decay and obsolescence rate of 1.7 percent 
should be apolied to each year's remaining constant dollar 
market value*. To approximate the residual value of the site, 
the constant dollar market value should be increased by 

1.5 percent each year. To assist in calculation, Attachment 3 
contains building decay and obsolescence factors of 1." per- 
cent and site appreciation factors of 1.5 percent compounded 
for each of the years i to 30. 

(3) Whenever possible, the residual value of the 
property should be adjusted to incorporate the current 
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market value for comparable property in similar locales 
for similar commercial property whose age is approximately 
equal to the period of analysis. 

8 . Present value calculations and format for comparisons . 

a. Calculation of present values of the alternative 
cost projections will be performed in accordance with 
established discounting procedures, using either continuous 
or end-of-year discount factors. 

b. Attachment C illustrates the method to be used in 
developing the present value comparisons. 

c. Attachment D illustrates the required format for 
the comparative analysis of lease-or-purchase alternatives 
presented in prospectuses, proposed legislation, budget 
justifications, or other proposals for submission to OMB. 
All assumptions and basic cost data must be explicitly 
provided in the materials presented. 

d. As required for particular activities, the Office 
of Management and Budget may request additional , special 
analyses and information and may change the requirements 
for reports to the OMB and to Congress. 



CASPAR W. WEINBERGER 
DIRECTOR 
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ILLUSTRATION 



ATTACHMENT A 
Circular No. A-104 



PRESENT VALUE CONSTANT DOLLAR ANNUAL PAYMENT CALCULATIONS 

To determine the present value constant dollar annual payments, where, 
for example, 

- the date of initial acquisition is January 1972; 

- the initial period of level payments - n » 20 years; 

- the annual payment is $1,123,000 for 250,000 net square feet; and 
the payments are made at the end of the year, 

calculate the average annual rate of inflation during th e past n years. 

The average inflation rate is found by (1) dividing the consumer price 
index at the beginning of the contract period (See the Economic Report of 
the President , February 1972, Table B-45, p. 247 for consumer price 
indexes.) by the consumer price index n years ago, and (2) comparing 
this result to the compound interest factors for n years. In this 
example, the consumer price index for 1971, 121.3 is divided by the 
consumer price index for 1951, 77.8 yielding 1.56. According to com- 
pound interest tables, the rate which would yield 1.56 in 20 years is 
approximately 2.2 percent. 

Then, apply the determined constant dollar price def lator to each 
annual payment . 

In this example, each annual current dollar payment of $1,128,000 must 
be multiplied by the appropriate constant dollar price deflator at 
2.2% per" year. 

Finally . m ultiply each constant dollar an nual payment by the appropriate 
7 perce nt present value discount factor . 
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Constant 






Current 


dollar price 


Constant 




dollar 


deflator 


dollar 


Year 


payment 


@ 2.2% 


payment 


1 


1,128,000 


.978 


1,103,184 


*> 




.957 


1,079,496 


' 3 




.937 


1,056,936 


4 




.917 


1,034,376 


5 




.897 


1,011,816 


6 




.878 


990,384 


7 




.859 


968,952 


8 




.840 


947,520 


9 




.822 


927,216 


10 




.804 


906,912 


11 




.787 


887,736 


12 




.770 


868,560 


13 




.754 


850,512 


14 




.737 


831,336 


15 




.722 


8X4,416 


16 




.706 


796,368 


17 




.691 


779,448 


18 




.676 


762,528 


19 




.661 


745,608 


20 


1,128,000 


.647 


729,816 
1-23 34 



7% present 

value 
discount 
factor 

.935 
.873 
.816 
.763 
.713 
.666 
.623 
.582 
.544 
.508 
.475 
.444 
.415 
.388 
.362 
.339 
.317 
.296 
.277 
.258 



Present 
value 

1,031,477 
942 ,400 
862 ,460 
789,229 
721,425 
659,596 
603,657 
551,457 
504 ,406 
460,711 
421,675 
385,641 
352,962 
322,558 
294,819 
269,969 
247,085 
225,708 
206,533 
188,293 

l0,042,66i 



ATTACHMENT B 
Circular No. A-104 



BUILDING 


DECAY -OBSOLESCENCE AND SITE 


APPRECIATION 


Period 


Building 


Site 


of 


Decay-Obsolescence 


Appreciati 


Analysis 


Factors* 


Factors 


■ — 

1 


0.98300 


1.01500 


2 


0.96629 


1.03023 


3 


0.94986 


1.04568 


4 


0.93371 


1.06136 


5 


0.91784 


1.07728 


6 


0.90224 


1.09344 


7 


0.88690 


1.10984 


8 


0.87182 


1.12649 


9 


0.85700 


1.14339 


10 


0.84243 


1.16054 


11 


0.82811 


1.17795 


12 


0.81403 


1.19562 


13 


0.80019 


1.21355 


14 


0.78659 


1.23176 


15 


0.77322 


1.25023 


16 


0.76007 


1.26899 


17 


0.74715 


1.28802 


18 


0.73445 


1.30734 


19 


0.72197 


1.32695 


20 


0.70969 


1.34686 


21 


0.69763 


1.36706 


22 


0.68577 


1.38756 


23 


0.67411 


1.40838 


24 


0.66265 


1.42950 


25 


0.65139 


1.45095 


26 


0.64031 


1.47271 


27 


0.62943 


1.49480 


28 


0.61873 


1.51722 


29 


0.60821 


1.53998 


30 


0.59787 


1.56308 



*TJie factors presented in the table above implicitly 
assume end-of-year building decay-obsolescence and 
site appreciation changes. 
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Improve- 
ments , 
site*' 

I I ,850 



1' K ,j ?knt . YAH 1 !*. KL'SQiaskjcost r a mm hat t ons 

(Federal Office bunding, City, State) 



Constant Dollars 
(in thousands) 

Repair 
and 

improve- Property 
ment taxes 



Residual 
value 



Present Value 
(in thousands) 



4B 
40 
4b 
48 
48 
80 
80 
80 
80 
80 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 



200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 



9,270li/ 



7» 

discount 
factor 


III w 1 1 L9 § 

sited/ 


Repair 
and 
improve-* 
ment 


. 

b« ABO 


1.000 


11,850 






.935 




45 


1 ft*? 


.873 




42 


j f j 


.816 




39 




.763 




37 


1 j J 


.713 




34 


J f J 


.666 




53 


13 3 
1 J J 


.f 23 




50 


125 


.582 




47 


1 16 


.544 




44 


109 


.508 




41 


102 


.475 




68 


95 


.444 




64 


89 


.415 




60 


83 


.388 




56 


78 


.362 




52 


72 


.339 




49 


68 


.317 




46 


63 


.296 




43 


59 


.277 




40 


55 


.258 






52 


Total 
Present 


11,850 


947 


2,120 



Value 



Residual 
value 



—2*322. 

2,392 



a/ I'oi simplicity improvements (design and construction) costs of $10,500,000 and site 
costs ot $1,150,000 are assumed to be paid at the start of year I. All other costs 
shown assiint-. payment at the end of the year specified. 

\>/ This tiguie lepiesents the remaining value of the building which declines at 
1.7 pete »t per year ';7,552,000) and the remaining value of the site which 
uppieciat ;• at 1.5 percent per year ($1,818,000). 
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ATTACHMENT D 
' Circular tic . A-I04 

ILLUSTRATION 

PRESENT VALUE COST SUMMARIES FOR 
ALTERNATIVE METHODS OF ACQUISITION 

[Federal Office Building, City, State] 

(In thousands of dollars) 

Item 20 years; 7*. 

PURCHASE:* 

Improvements ' 10 , 500 

Site . 1,350 

Repair and improvement 947 

Property taxes 2,120 

Subtotal 14,917 

Less residual value 2,392 

Total 12,525 

LEASE: * 

Total annual payments** \. 10 ,042 

LEASE- PURCHASE (or PURCHASE- CONTRACT) * 

Annual payments until purchase*** 8,845 

Purchase cost less credit 3,556 

Repair and improvement (after purchase) . . 515 

Property taxes (after purchase). 714 

Subtotal 13,630 

Less residual value 2 ,392 

Total 
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"Operation and maintenance costs are borne by the Government 
and are assumed to be identical for all three acquisition 
methods. Therefore, they are omitted in this comparison. 
Imputed insurance premiums are estimated to be negligible 
relative to other costs and therefore omitted. 

** Annual lease payments in constant dollars are calculated. 
Then> each constant dollar lease payment is discounted at 
7 percent (See Attachment A) . 

***Annual lease-purchase (or purchase-contract) payments of 
$1,400 + purchase of $21,000 (15 years annual payments) 
less credit of $14,000. The annual payments in constant 
dollars are calculated. Then each constant dollar payment 
is discounted at 7 percent (technique is shown in 
Attachment A) . 
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Section 2 
Discounting 

To perform a valil economic evaluation of a project, it is necessary that 
all cash flows be stated in tine-equivalent amounts. "Discounting" is the 
term often given to the technique for adjusting cash flows to time equivalency 
by taking into account the time value of money. This section is provided as a 
brief introduction to discounting because it is a fundamental tool used, in 
solving all of the capital investment problems addressed by this seminar. 
The following topics are treated in brief below: 

(1) Definition 

(2) Purpose 

(3) Approach * 

(4) Selecting a Discount Rate 

(5) Formulas (Table 2-1) 

(6) Application 

(7) Discount Factors Based on a 7% Discount Rate (Table 2-2) 

(8) Discount Factors Based on a 10X Discount Rate (Table 

(9) Where to Find UPW* Factors for .Discounting Energy Costs or Savings 

(10) Problem Illustrations 

Definition 

Discounting is a technique for converting cash flows that occur at different 
times to equivalent amounts at a common time. 

Purpose 

The costs and benefits associated with building projects are typically spread 
over time. The dollar estimates of costs and benefits must be adjusted to 
a common time basis before they can be combined to determine a measure of 
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economic performance. Because of the earning potential of money over time, as 
indicated by interest, a dollar now is worth qpre than a dollar at some later 
time. 

Approach 

Discounting is performed by applying interest (discount) formulas , or 
corresponding discount factors calculated from the formulas , to the estimated 
costs and savings that result from a given investment. The application of the 
appropriate formula or factor to a cash amount will convert that cost or 
saving to its equivalent value at the selected "base time. 

Selecting a Discount Rate 

A key element in the discount formulas is the discount rate, the rate of 
interest reflecting the invester's time value of money. If future cash flows 
are stated in constant dollars, trie discount rate should be selected to 
reflect only the real earning power of money over time; i.e., the time value 
of money remaining after inflation is removed. This is the approach 
recommended for Federal project evaluation. If future cash flows are 
estimated to include inflations the discount rate can be selected to also 
include inflation, and the discounting technique can be used to adjust both 
for the effects of price inflation and for the real earning power of 
capital. This approach is often used for commercial project evaluation 
because it facilitates the treatment of tax effects. The relationship between 
a nominal discount rate, D, and a real discount rate, d, is as follows: 
D - (1+d) • (1+1) -1 - d +- I + dl 
1+D 

and d - - 1 1 -1, where I is the rate of general price inflation. 
l+I 

(See section on Escalation)* 

l ' • 2-2 40 



Application 

The appropriate discount formula to use for adjusting a cash amount to an 
equivalent value at another time depends on the time distribution of the cash 
amount and the time basis selected by the analyst for the economic evaluation. 
Por example, to find the equivalent value in the future of a single cash 
amount received today, the single compound amount formula (SCA) is used. To 
find the equivalent value in the future of a stream of uniform cash amounts 

over a period of years, the uniform compound amount formula (UCA) is used. To 

\ 

find the present value equivalent of a single amount to be received in the 
future, the single present worth formula (SPW) is used. To find the present 
value equivalent of a uniform series of future cash amounts, the uniform 
present worth formula (UPW) is used. And, to find the present 
value equivalent of a series of future amounts escalating in amount each year, 
the modified uniform present worth formula- (UPW*) can be used. To express a 
present value as an equivalent uniformly recurring annual value, the uniform 
capital recovery formula (UCR) is used. The dollar amounts will, of course, 
differ depending on the time bise chosen, but present values, annual values, 
and future values, if time-equivalents* will lead tj> the same investment 
decision. It is most customary in economic e quations, however, to convert 
all cash flows to either present values or annua- valv-js, and, in the Federal 
Energy Management Program, the use of presenv values is requested to 
facilitate comparisons among agencies and projects. 
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TaMa 2.1 Discounting Equations 



Nam* 



Sohsmatle Illustration 



Application 



Algebraic Form'* 



Single Compound-Amount 
<SCA) Equation 
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(SPW) Equetton 
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(UCR) Equation 



UnHorm Compound* Amount 
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• Nota that mo U8F. UCR. UCA, and UPW aquaSona yfctW undaflnad answer* whan d - 0. Tha correct algebraic lorme lor 
thla apaoial eaaa would bo aa toHowe: USF formula, A-FM; UCR formula, A-PM; UCA formula, F- A N; and UPW 
formula, P- A N. Tha UPW* aquation alao yields an undaflnad anawor whan o-d. m thla eaaa, P-A, N. 

b Tha tarma by which tha known vaktee am mutHoSad m thaao aquattona am Hw formulaa for tha factora found In dlaeount 
factor tablaa. Using acronym* to ropraaont tha factor formulaa, tha dtaeounflnq aquattona can alao bo written as 
F - P • SCA. P-F BPW.A- FTSF. A - P • UCR, F-A UCA, P-A UPW, and P-A, UPW.« 

c To find P whan Ao ascalataa at a dHfarant rata ovor aaeh of K aaealatlon parioda, 

+ \i + d/ \i+d/ \i+d/ |-i \i + d / 
where n, - tha numbar of Internet or dlacounHng parioda over which a given escalation rate, e,, la aaaumed to hold 

Sourer. NBS Handbook 138. 
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Table 2-2 Discount Factors Based on 7% Discount Rate 
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All formulae assume end -of -per iod payments. 

V a present sum of money; V - a future sum of money, equivalent to P at 
tins end of N periods of time at discount rate of d ; A an end of period 
pnyn.Mil (or receipts) in a uni form series of payments (or receipts) over 
N periods at d interest rates. 
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Table 2-3 Discount Factors Based on 10% Discount Rate 
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All formula*' assume ond-of -period payments. 

- a pre?;ent. sum of money; V « a future sum of money, equivalent to P at 
the end of H period?; of time at discount rate of d; A « an end of period 
payment (or receipts) in a uniform .series of payments (or receipts) over 
N periods at d interest rates. 
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Where to Find UPW* Factors for Discounting Energy Costs or Savings 
Modified Uniform Present Worth Factors (UPW*), based on a 7 percent discount 
rate for evaluating Federal energy projects, can be found in Appendix B of NBS 
Handbook 135, pp 118-128. These factors are given for each of 10 Department 
of Energy (DoE) regions, for different types of energy, and for residential, 
commercial, and industrial use. (As explained in the Handbook on pp. 116-117, 
these factors are subject to periodic revision. To obtain the most recent 
factors, contact the Federal Programs Office of the U.S. Department of 
Energy.) 
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Problem Illustrations 

1. Find the present value (P) of a future amount of $5,000 In 10 years (N), 
assuming the discount rate (d) to be 10Z. 

(a) Using the Single Present Worth (SPW) Discount Formula (from Workbook 
Table 2-1): 

1 

P - F 



(l+d) N 

1 

- $5,000 • 



(1 + .10) 10 

- ($5,000) • (0.3855) 

- $1,928 

(b) Using the SPW Discount Factor for d - 10% and N - 10 (from Workbook 
Table 2-3): 

P - F . SF^Oyr, 10% , 

- ($5,000) • (0.3855) 

- $1,928 

2. Find the present value (P) of a uniform series of annually recurring 

future amounts (A) of $2,000 per year over the next 10 years (N), assuming 
the discount rate (d) to be IX. 

(a) Using the Uniform Present Worth (UPW) Discount Formula (from Workbook 
Table 2-1): 

(l+d) N -1 



d(l-M) N 

(1 + .07) 10 -1 



$2,000 



- $2,000 • 



.07(1 + .07) .10 
0.9672 



0.1377 
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- ($2,000) • (7.024) 

- $14,048 

(b) Using the UPW Discount Factor for d -7% and N-10 (from Workbook Table 
2-2): 

P - A • UPW 10 y r , 7% 

- ($2,000) • (7.023) 

- $14,046 (Note small difference due to rounding) 

3. Find the future value (F) in 15 years (N) of a present amount (P) of 
$1,000, assuming a discount rate (d) of 10%. 

(a) Using the Single Compound Amount (SCA) Formula (from Workbook Table 

2-1): 

F - P • (l+d) N 

- $1,000 • (1 + .10) lb 

- ($1,000) • (4.177) 

- $4,177 

(b) Using the SCA Factor for d - 10X and N - 15 (from Workbook 
Table 2-3): 

F - P • SCA 15yrt iox 

- ($1,000) • (4.177) 

- $4,177 

4. Find the Future Value (F) in 15 years (N) of a uniform series of 
annually recurring amounts (A) o'. ,1,000, assuming a discount 
rate (d) of 10%. 
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(a) Using tntajjnlforn Compound Amount (UCA) Formula (from Workbook Table 
2-1): / 

/m) n -i 

F - A 

d 

(1 + .'0)15 -i 

- $1,000 • 

.10 

- ($1,000) * (31.77) 

- $31,770 



(b) Using the UCA Factor for d - 10* and N - 15 (from Workbook 
Table 2-3): 
F - A • UCA 15yrf lQX 

- ($1,000) . (31.77) 

- $31,770 



5. Amortize in uniform annual payments (A) over 20 years (N) a present: 
amount (P) of $100,000, assuming a discount rate (d) of 10X. 
(a) Using the Uniform Capital Recovery (UCR) Discount Formula (from 
Workbook Table 2-1): 
,l+d) N 

A - P ■ 

(l+d) N -1 

.10 (1 + .10) 20 

- $100,000 • ■ 

(1 + .10) 20 -1 

- ($100,000) • (0.1175) 

- $11,750 
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lb) Using the UCR Discount Factor for d - 10% and N - 20 (from Workbook 
Table 2*3): * 

A - P iiCR 2 0y r , 10* 

- ($100,000) • (0.1175) 

- $11,750 

Find the uniform amount that must be cumulated annually (A) in order to 
have a future amount (F) of $30,000 in 8 years (N), assuming a discount 
rate (d) of 7%. 

(a) Using the Uniform Sinking Fund (USF) Discount Formula (from Workbook 
Table 2-1): 

d 

A - F • 

(l-hl) N -1 

.07 

- $30,000 ' ■ 

(1 + .07) 8 -1 

- ($30,000) • (0.0975) 

- $2,925 

(b) Using the USF Discount Factor for d - 7X and N - 8 (trom Workbook 
Table 2-2): 

A - F • USF 8yrf j % 

- ($30,000) • (0.0975) 

- $2,925 

Find the present value (P) of a non-uniform annually recurring amount (A) 
that is valued at $5,000 at the beginning of the study period (Aj,), and 
escalates thereafter at 5X per annum (e) over 12 years (N), assuming a 
discount rate (d) of 12%. 

(a) Using the Uniform Present Worth Modified (UPW*) Discount Formula 
(from Workbook Table 2H): 

/ 
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(1+e) 



l+e\N 



(d-e) 



1-1 



1+d 



$5,000 



(1 + .05) 



(.12 - .05) 

- $5,000 • 1(15) • (0.5390)) 

- ($5,000) • (8.085) 

- $40,425 



/l + .05 \ 12 
\1 + .12/ 



(b) Using the UPW* Discount Factor for d - 12X ■ 5%, and N - 12 
(from Handbook 135, Table B-14, p. 131): 
P - Ao • UPW* 12yrf 12Z , 5% 
- ($5,000) • (8.086) 

» $40,430 (Note small discrepancy due to rounding) 
8. Find the present value (P) of the estimated cost of natural gas to heat 
a Federal office building in Minnesota over 10 years (N) , assuming that 
the annual cost is initially valued at $10,000 (A Q ) , and using the Federal 
discount rate of 7% for energy projects and the appropriate projected 
energy escalation rates. 

(a) Using .the Uniform Present Worth Modified (UPW*) Discount Formula 
for multiple escalation rates (from Workbook Table 2-1, footnote a); 
and the escalation rates for DoE Region 5, for ^he Commercial Sector, 
and fffr natural gas, of 8.87% for the period 1981-1985, 1.76% 
for 1985-1990, and 3.10% for 1990 and beyond (from Handbook 135, 



Table C-5, p. 138): 



0 
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P • V 1 l(l+e 1 )/(l+d)| J + Kl+e^/d+d)]" 1 • T l(l+e 2 )/(l+d)] J + [(H-e^/ 

j-1 J" 1 

ni i*2 J}3 J 

(1+d)) • [(.+e 2 )/(l+d)l • I l(l+e 3 )/(l-d)) 

J-1 

2 J 2 5 

-$10,000 I l(l+.0887)/(l+.07)) + [(l+.0887)/(l+.07)] • I [(1+.0176)/ 

J-1 J-1 

j 2 5 

(1+.07)) + [(l+.0887)/(l+.07)] • [(l+.0176)/(l+.07)] • 

3 J 
J [(l+.0310)/(l+.O7)] 

J-1 



•$10,000 



[(l+.0887)/(.07-.0887) -["l- [(l+.0887)/( l+.07)) 2 ]+ [(l+.0887)/(l+.07)] 2 

I L T 51 < 

. [(l+.0176)/(.07-.0176)l -ll- [(l+.0176)/(l+.07)] J+ (l+.0887)/(l+.07) 

• (l+.0176)/(l+.07) 5 (l+.0310)/(.07-.0310) -j"!- [ ( l+.0310)/( 1+.07 ) ] I 

-$10,000 [(-58.22) • (-0.0353) + (1.035) • (19.42) • (0.222) + (1.035) • 

(0.7780) • (26.44) • (0.1054)] 
-$10,000 [2.055 + 4.462 + 2.244] 

-($10,000) • (8.761) , 
- $87,610* *' 

(b) Using the Federal UPW* Discount Factor for DoE Region 5, for the 

Commercial Sector, for natural gas, for 10 years (from Handbook 135, 
Table B-5, p. 122): 

P - Aq • UPW* 10yr , 7%, DoE 5 

- ($10,000) • (9.60) 

- $96,000* 



* Note discrepancy in (a) and (b) answers. The difference reflects the fact 
that the (a) calculations use the escalation rates directly, based on mid- 
1983 as the beginning of the study period, while the (b) calculations use 
UPW* factor tables based on mid-1981 as the beginning of the study period. 
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Section 3 
Escalation 

This section has the following objectives: to review the procedure for 
escalating costs, to distinguish budgetary needs for escalation from the 
requirements of economic analysis, and to compare economic evaluations made 
(a) in constant dollars using real escalation and discount rates and (b) in 
current dollars using nominal escalation and discount rates. 

It contains the following topics: 
(1 ^/-Escalation Procedure 

(2) Budgetary Versus Economic Analysis Requirements for Cost 
Estimates 

(3) Concept of Differential Price Escalation 

(4) Constant Dollar Versus Currene-ijpllar Analyses 

Escalation Procedure 

An initial amount, Cq, cau escalated at rate e over N periods of time to a 
future amount, C N , by applying the single compound amount formula based on 
rate e and period N, to the initial amount; i.e., v C N - Cq U+e) . 

i 

An initial amount, Cq, can be escalated over N periods of time at changing 

escalation rates, e lf e 2 , ... e„, each of which holds f6r a designated 

interval of time, Pl , P 2 ... Pn ' which together sum to a total of N 

compounding periods) as follows: 

p p P l 

C N - CoU+e!) 1 (l+e 2 ) 2...(l+e n ) • 1 
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Budgetary Verguo Economic Analysis Requirements for Cost Estimates 
Budget estimates project the actual number of dollars expected to be 
required to purchase a building system or component at the planned time ofi 
acquisition. That is, budget estimates are generally stated in "current", or 
"nominal," dollars including projected price inflation. 

j 

* S 
In contrast, it is imperative in an economic analysis that all dollars have 

> 

the same unit of purchasing power. Hence, purely inflationaryjJr deflationary 
effects must be eliminated from projected cash flows in an economic analysis. 

Concept of Differential Price Escalation 

OMB Circular A-94 instructs Federal Agencies to make all estimates of future 
costs and benefits in constant dollars, reflecting in the estimates only 
changes in relative prices "where there Is a reasonable basis for estimating 
such changes". Estimates should not include any forecasted change in the 
' general price level. 

We can define the relative price change in terms of a "differential 
escalation rate", i.e., the expected percentage difference between the rate of 
increase assumed for a given item of cost (such as energy), a*d t ho general 
rate of inflation. Let us denote the iotal escalation rate, "E"; the 
.^differential escalation rate, "e"; and the general rate of price inflation, 

it j it 
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Cash flows that are projected to Increase In amount at about the same rate as 
general price inflation (i.e., E - 10 have no real or differential escalation 
(i.e., e - 0), and, therefore, will remain unchanged in constant dollars from 
the initial amount. Routine maintenance costs, for example, are often assumed 
to remain the same -in* constant dollars. 



Cash flows that change at a rate <(if ferent from the rate of general price 
inflation (i.e., E * I and e * Q ) , change in constant dollars. In a 
Federal analysis, the projected real or differential escalation rate, e, can 
be used with the single compound amount formula to calculate future amounts in 
constant dollars. 



The three figure's below illustrate three cases of differential escalation. In 
each figure, time is measured on the x-axis and dollar costs on the 
y-axis. The solid line in each figure, projected from the y-axis, traces the 
actual rise in price over N years of an item which initially costs That 
is, the solid line, defined by the equation C E - C 0 (1 + E) N . ^Picts current 
dollar costs for a given E over N years. The dashed line in each figure 
traces the rise in cost ovsr N years that would occur if the item increased 
in price at the rate of general price inflation, I. It is defined by the 
equation C X - Cq (1 + I) N . The daahed-dot line traces the change in constant 
dollar cost over N years. It is defined by the equation C e - C 0 ( 1 + e)*. 

Figure I, where the dashed line Hnd solid line are coincident, shows the case 
for which the rate c/ total change \ the price of the item, E, is just equal 
to the rate of change in the general price level, I (i.e., the differential 
escalation rate, e, is zero). In this case, the future current dollar cost 
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0 Ni N 

Fig. 3-1 Change in Dollar Values Over 
Time as a Function of Price 
Escalation: F. ■ I and e - 0. 




Fig. 3-2 Change in Dollar Values Over 
Time as a Function of Price 
Escalation: E > I and e * 0. 



ERLC 




Fig. 3-3 Change in Dollar Values Over 
Time as a Function of Price 
Escalation: E < I and e < 0. 
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in Ni years is C 2 , i.e., C 0 (1 + E)Nl - C 2 . But in constant dollars, the 
future cost, C e , is still C 0 , because e - 0 and the constant dollar cost, C e , 
is equal to Cq (1 + e) N . 

Figure 2 describes costs for the case where the rate, E, of total change in 
the price of the item exceeds the rate, I, of change in the general price 
level, such that the differential rate, e, is positive. In this case, the 
future current dollar cost in year ^ is greater than C 2 — it is C 3 in the 
example— and in constant dollars the future cost, C e , is higher than C 0 , 
because E > I and e > 0. 

Figure 3 shows dollar costs for the case where the rate, E, of total change in 
the price of the item is less than the rate, I, of change in the general price 
level, such that the differential rate, e, is negative. In this case, the 
future current dollar cost, C E , in year Nj is less than C 2 — it is q in the 
example— and in constant dollars the future cost, C e , is below C 0 because E < 

I and e < 0. 

\ 

\ 

Constant Dollar Versus Current Dollar Analyses 

When future costs and benefits are stated in constant dollars, incorporating 
only the relative price change and excluding inflation, it is appropriate to 
discount the future values to a common time basis using a real discount rate, 
denoted "d", which does not include inflation. The 7 percent discount rate 
specified for evaluating Federal energy conservation projects and the 10 
percent discount rate specified for evaluating other kinds of Federal projects 
(not specifically exempted) are both real discount rateR. 
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When future cash flows are estimated to include inflation, the discount rate 
should^ also include inflation; that is, a nominal discount rate, which can be 

denoted "D," should be used for discounting current dollar cash flows. Market 

i 

interest rates are nominal rates. The weighted cost of capital (expressed as 
a percent), which is often used by corporations as a discount rate, is a 
nominal rate. 



If correctly formulated, an analysis in constant dollars worked with a real 
discount rate will yield the same result as an analysis in current dollars 
worked with a nominal discount rate. While the constant dollar approach is 
recommended for Federal analyses, the current dollar approach is often 
preferred for the analysis of taxable investments because it can facilitate 
the analysis of tax effects. 



To see the relationships between the two approaches, the following 
relationships should be noted: 



a) E - (1 + e) (1 + I) -1 

- e + 1 + el, 

1 + E 

b) e 1, i 

1 + I 

c) D - (1 + d* (1 + I) -1 

« d + I + dl, and 

1 + D 

d) d 1 . 

1 + I 
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where 

E - the rate of total change in the price of a given item, 

e - the differential rate of change in the price of the item, 

I - the rate of general price inflation, 

D ■ a nominal discount rate, and 

d ■ a real discount rate. 
By pairing E and D for escalation and discounting, purely inflationary effects 
cancel out of the analysis. By pairing e and d for escalation and 
discounting, purely inflationary effects are simply omitted from the 

analysis. 
References : 

Discussion of the Causes of Changing Monetary Values Over Time-See Hand- 
book 135, pp. 7-8. 

Federal Energy Price Escalation Rates— See Tables C-l through Oil, Hand- 
book 135, pp. 134-144. 

UPW* Factors for Combined Escalation and Discounting— See Tables B-l through 
B-Jl, Handbook 135, pp. 118-128. 

UPW* Factors for Combined Escalation and Discounting Based on Various Discount 
Rates and Escalation Rates (Non-Specific to Federal Energy Costs)— See 
Tables B-12 through B-14, Handbook 135, pp. 129-131. 

Year-By-Year Method of Calculating the Value of Energy Savings (when it is 
necessary to adjust for changes in the annual quantity or source of 
energy)— See Appendix G, Table G-2, and accompanying text, Handbook 135, 
pp. 219-223. 



\ 

\ 
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Section 4 
Study Period 

The purpose of this section Is to provide guidelines for setting the length of 
the study period, the tine over which project costs and benefits will be 
assessed. The discussion Is organized Into the following parts: 

(1) Maximum Study Period 

(2) Selecting a Study Period for Present Value Comparisons of Projects 

(3) Selecting a Study Period for Savings -to-Investment Ratio (SIR)j 
Comparisons of Projects 1 

(4) Reconciling Project Life and Study Period j 

(5) Delays Between the Time of Project Evaluation and Project i 
Initiation ^ \ 

Maximum Study Period 

For evaluating Federal energy conservation projects, an upper limit of 25 
years Is set for the study period, reflecting uncertainty In projecting energy 
prices for longer periods of time. 

Selecting a Study Period for Present Value Comparisons of Projects 
For selecting among mutually exclusive project alternatives based on present 
value LCC or NS, the same study period should be used to evaluate the 
alternatives. The use of different study periods would result In different 
present values even If the alternatives were equal In cost effectiveness. 

Reference: See Section 3.10, Handbook 135, pp. 33-34. 
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Selecting a Study Period for SIR Comparisons of Projects 
The rankings of projects according to their SIR's will not be affected by 
having different study periods for different projects j£ there is no 
differential price escalation included in project cash flows. If differential 
price escalation is included, the comparative rankings of projects may be 
affected somewhat by the use of unequal study periods. In this case, the use 
of equal study periods will avoid any biasing of results. The life-cycle cost 
guidelines of the Federal Energy Management Program, however, do not require 
that all projects be evaluated for the same study period when ranking them 
according to their SIR's. This decision reflects the desire to simplify the 
evaluation procedure where possible. The simplification in this case is the 
) avoidance of many repetitions of the calculations for short-lived projects. 

Reconciling Project Life and Study Period 

Replacement and salvage values are used to reconcile differences between 
study periods and project or component lives when these are unequal. 

Delays Between the Time of Project Evaluation and Project Initiation 
Economic analyses performed for the purpose of dete' mining the cost 
effectiveness of a project generally do not give the same level of attention 
to the details of cash flows ^uring the planning and- construction phase as 
would a cost analysis aimed at controlling construction costs. Often the 
following two simplifying assumptions are made: (a) all construction costs 
occur at the outset of the study period, which is coincident with the time the 
analysis is performed, (b) operational costs accrue at the end of each 
year thereafter. In most cases, the inaccuracies introduced by these 
assumptions will be small and will not affect the decision. 
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In choosing among projects with substantially different time delays, however, 
it raav_ be important to take into account those delays, since the relative cost 
effectiveness of the projects may be affected. For example, suppose the 
choice were between two mutually exclusive energy retrofit projects, each with 
a 10 year life, for 4 a facility expected to be in service another 10 years. If 
one alternative could b* implemented immediately, but the other would require 
a delay of 5 years, the timing of the projects would be relevant to the 
choice, since the effective life of one of the alternatives is reduced to 5 
years and benefits during the delay interim are lost to that alternative. 

In comparing the life-cycle costs of a project with a delay in implementation 
against the life-cycle costs of a base case condition (i.e., not having the 
project) , a distinction should be made between those costs which can be 
avoids during the delay period if the project will eventually be undertaken, 
and those which cannot be avoided. Consider, for example, a proposed project 
which could be implemented three years from the present. If knowledge that 
the proposed project were forthcoming would allow the avoidance of certain 
costs during the interim three years that would otherwise be incurred under 
the base case, the cost avoidances should be attributed to the proposed 
project. This can be done by including these costs in the Base Case but not 
in the Proposed Project costs. Costs that cannot be avoided during the 
interim (i.e., those that are sunk) can either be included in both the 
evaluation jf the Base Case and the Proposed Project or omitted from both, 
since they will in any case cancel out of the analyses. 
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Section 5 



Project Selection 



The term "project selection" is used here to cover the following types of 
project investment decisions, each of which is d* ussed below: 

(1) Accepting or Rejecting h Given Project 

(2) Designing and Sizing Individual Projects 

(3) Ranking Projects for Funding Priority 

( 4 >- Determining Combinations of Interdependent Projects 
(5) Jq^ntly Designing/Sizing and Ranking Projects 
Following the discussion of each of these-decisions, a problem example is 



given with step-by-step solution. The problem solution illustrates how the 
following techniques of economic evaluation are used in project selection: 
o Life-Cycle Costing (LCC) 

#Net Benefits (NB) or Net Savings (NS) 
o Benefit-to-Cost Ratio (BCR) or Savings-to-Investment Ratio (SIR) 
o Payback — Simple (SPB) or Discounted (DPB) 

References: «. 



Definitions, Formulas, and Applications of Evaluation Techniques — see 
Section 2.3, Handbook 135, pp. 14-22. 

Accepting or Rejecting a Given Project 

A project is usually deemed cost effective if (a) its life-cycle costs are 
lower than other alternatives for achieving the same objective, one of which 
must be adopted; (b) it results in benefits or savings in excess of its costs; 
(c) it yields an internal rate of return higher than the minimum acceptable 
rate of return; (d) the ratio of overall net cash flow is positive after 
payback is achieved. 





Cost-effective projects are "worth doing," other things being equal, but 
further analysis may be needed to determine if a given project 
should be selected over other project choices. 

References : 

Discussion — See Section 2.4.1, Handbook 135, p. 22. 

Accept-Reject Problem Example: See Workbook Section 11, Problem Set A, 

"Programmable Time Clock Problem" ' 

Designing and Sizing Individual Projects 

Often the decision maker has choices of design, size, material, or other 
attributes of a given project. These are "mutually exclusive" alternatives in 
that choosing one means not choosing another. The economic objective is to 
choose the alternative which results in the greatest net benefits or net 
savings. If the alternatives are considered apart from possible budget 
constraints, the economically efficient choice will satisfy at least one of 
the following conditions: (a) project life-cycle costs are minimum; (b) 
project net benefits or net savings are maximum; or (c) the ratio of benefits 
or savings to costs for the last increment of investment is one; or (d) the 
yield on the last increment of investment approaches the minimum acceptable 

m 

rate of return. 
References : 

Discussion — See Sections 2.4.2 and 2.4.3, Handbook 135, pp. 24-25. 

Sizing Example: See at the end of this Section, "Pipe Insulation Retrofit 

Problem — A Case Example of Project Selection 19 
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Ranking Projects for Funding Priority 

When funds are limited and there are more coat-effective projects than can be 
funded, choices must be made among non-mutually exclusive projects, i.e., 
projects for which acceptance of one would not preclude the acceptance of 
others, aside from the funding constraint. 

The economic objective is to select the combination of projects that will 
maximize net benefits or net savings for the available budget. This can often 
be done by ranking and selecting projects in descending order of their 
benefit-to-cost or savings-to-investment ratios, until the budget is 
exhausted. If the project ratios fall below one before the available budget 
is exhausted, then project acceptance should terminate with the last project 
whose ratio exceeds one. If, due to "lumpiness" in project size, higher 
ranked projects cost more than the available budget, while lower ranked 
projects are affordable within the budget, lower ranked projects (but with 
ratios greater than one) should be selected in descending order until the 
budget is exhausted. 

References : / 
Discussion — See Section 2.4.4, Handbook 135, ppl 25*26. 

Ranking Projects Example: See at the end of this Section, "Pipe Insulation 

Retrofit Problem — A Case Example of Project 
Selection," and Workbook Section 12, Problem Set B, 
"Water Conservation Problem" 

Determining Combinations of Interdependent Projects 

In evaluating candidate projects for a particular building or facility, the 
problem of interdependency among projects may arise; that is, undertaking one 
project may affect the relative life-cycle costs and savings of remaining 
projects. For example, the value of adding an automatic environmental control 




system will differ depending on the level of insulation in the building 
envelope and vice versa. Undertaking one will tend to diminish the value of 
the other. An approach to this problem is to evaluate each of the candidate 
projects independently of one another, select first the one with the highest 
BCR or SIR value, and then adjust the BCR or SIR value of any remaining 
projects that are expected to be substantially altered by the first, higher 
priority, selection. The selection process would then be continued, with 
necessary adjustments to remaining projects being made as each project is 
chosen. 

References ; See Workbook Section 12, Problem Set B, "Team Problem— Planning 
an Energy Conservation Package" 

Jointly Designing/Sizing and Ranking Projects 

Where there are several, non-mutually exclusive projects with positive net 
benefits and there is an insufficient budget to fund all of them, the 
theoretically correct approach would be to size each project such that the 
incremental BCR or SIR would be equal for all projects and equal to the ratio 
available on the last increment of the next best investment (i.e., equal to 
the opportunity cost). Then projects would be selected on the basis of 
descending BCR's or SIR's computed on the tocal project costs and benefits 
(savings) until the budget is exhausted. 

Due to the difficulty of simultaneously equating the incremental ratios on all 
projects, second-best approaches are often used. One is to size v /each project 
so that the incremental ratio is equal to one, and then select projects as 
before in descending order of BCR's or SIR's until the budget is exhausted. 
This may lead to inefficient, oversized projects when there are budget 
constraints. A second approach, and one that is generally preferred to the 
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first one, is to set up the sizing decisions when possible in the same context 
as the ranking decisions under a budget constraint, thereby constructing the 
problem in such a manner that the sising of given projects and ranking of a 
set of projects will occur simultaneously. 



References: 



Problem Example: See at the end of this Section, "Pipe Insulation Retrofit 

Problem—A Case Example of Project Selection" 
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Pipe Insulation Retrofit Problem 



A Case Example of Project Selection 



[Note: This is a hypothetical example for use only to illustrate the 
evaluation technique.] 



This case demonstrates (a) the discounting of costs and savings; (b) the use 
of the evaluation techniques of life-cycle cost (LCC) y savings-to- investment , 
ratio (SIR), and discounted payback (DPB) to determine if a project is cost 



effective; (c) the use of net savings (NS) and incremental SIR (ASIR) to 
determine efficient project size if there is no budget constraint; and (d) the 
use of the SIR and ASIR to rank the project and its size increments relative 
^Xo other projects competing for limited funds. 



Problem Statement 

Approximately 100 ft of hot water pipes running through the basements of each 

S^of 10 buildings of a Federal laboratory facility in Massachusetts have been 

found to be uninsulated. Data and assumptions are as follows : a 

Quantity of Uninsulated Pipe: 100 ft/Bldg x 10 Bldgs - l f 000 ft 
Required Water Temperature: 180° 
Pipe Size: 1 1/2" Diameter 

Operation: A hr/day x 260 days/yr ■ 1,040 hrs/yr 
Type of Energy: Distillate Oil 

Agency Base-Year Price of Distillate: $9.00/10 6 Btu 

Plant Efficiency: .55 

Remaining Building Life: Indefinite 

Insulation Life: Indefinite 

Available Insulation Choices: 1" or 2" of Fibrous Material 



a For the purpose of demonstrating the basic procedures, this sample problem 
is kept simple. In actual practice, there would likely be other consider- 
ations for energy conservation than those included here, such as the 
possibility of reducing the water temperature. 
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Step I. Calculate the quantity of annual energy savings (AES) for the 
alternative sizes of insulation 

o Formulate Estimating Relationship: 

i 

AHLR/hs/f t • hrs/yr • it 



AES (10 6 Btu) 



eff • 10 6 

where AES - annual quantity of energy savings, 

AHLR - decrease in Btu heating load requirements, and 

eff " plant efficiency. 
(Note: The numerator is divided by 10° in order to state AES in terms of 
millions of Btu.) 

o Refer to Figure 5-1 (or use other appropriate approaches) to estimate 
the value of AHLR/hr/ft with and without the insulation. 

o Refer to Problem Assumptions for the number of hours, linear feet of pipe, 
and plant efficiency. 

o Calculate AES: 

(150 - 20)Btu/hr/ft • 1,040 hrs/yr .• 1,000 ft 

AESi •• ' ' 

0.55 • 10* 

- 245.8 x 10 6 Btu 

(150 - 12.5)Btu/hr/ft • 1,040 hrs • 1,000 ft s 

AES 2 " - " " 1 

0.55 • 10 6 

- 260.0 x 10 6 Btu 

Step 2. Calculate the present value of energy cost savings (PV ES ) over the 
life cycle (study period) for the alternative sizes 

o Formulate the estimating relationships: 
PV ES - AES • P/10 6 Btu • UPW* 

where PV E s - present value dollar energy savings over the study period, 
AES - annual quantity of energy savings, 
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BEST COPY AVAILABLE 

Figure 5-1 



LCC PROBLEM SOLUTION - ESTIMATION 
OF ENERGY SAVINGS 

Dstsrmin* Host Loss Ratss WHh ft Without Insulation: 




• Uninsulated Plpo: 150 BTU/hr/ft 

• 1 " Insulatsd Pips: 20 BTU/hr/ft 
V Insulatsd Pips: 12.5 BTU/hr/ft 



9 I *mi Hm Uwi mt «M«t 
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P/10 6 Btu - initial price per 10 6 Btu of energy, and 

UPW* - modified uniform present worth discount factor. 
Designate the length of the study period. 
Refer to Problem Assumptions for initial price of energy. 
Refer to Problem Assumptionsj for the DoE Region in which the laboratory 
facility is located, the nature of the building (residential, commercial, 
industrial), and the type of energy, and find the corresponding UPW* for 
the appropriate study period from Appendix B of Handbook 135. In this 
case tjhe UPW* - 17.77 (from Table B-l , Handbook 135, p. 118). 
» Calculate PV ES : 



For 1" of Insulation: 

i PV E s i<f - 24(5.8 x 10 6 Btu • $9.00/l0 6 Btu • 17.77 



m $3^,311. 
For 2" of Insulation: 



PV ES 2<< " 260 "P x lo6Btu * $9.00/10 6 Btu • 17.77 



- $41,582. 



Step 3. Calculate project investment costs for the alternative sizes of 
insulation \ 

o Formulate the Estimating Relationship: 

[ \ 
I - P/ft x ft x (1 - FEMP Adj. \Factor), 

\ 

where I - project investment cost (In present value $), 



p/ff - price per linear foot of insulation, 

\ 



ft - linear feet required, and \ 

\ 70 



5-\9 

\ 



\ 

FEMP Adj. Factor - 10% reduction in investment costs as a rough measure of the 

social benefits of energy conservation not reflected in 
market prices. (Note: this was established as a temporary 
procedure which may be eliminated.) 

o Refer to Table 5-1 (or use other appropriate approach) to estimate Project 

Investment Costs, 
o Calculate Investment Costs: 

Ip - $2.50/ft • 1,000 ft • 0.9 

- $2,250. 

I 2 » - $4.55/ft • 1,000 ft • ojv 

- $4,095. 

Step 4. Calculate present value net savings for the alternative sizes of 
insulation 

o Formulate the estimating relationship: 
NS - PV ES - I 

where NS - net savings in present value dollars, 

PV ES ■ present value energy savings, 
I ■ project investment cost, 
o Calculate NS: 

NSp - $39,311 - $2,250 

- $37,061. 

NS 2 " - $41,582 - $4,095 

- $37,487. 
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Table 5-1 Costs tor Insulating Various Pipe Sizes 



Pipe Size 
(Inches) 


1 Inch Thickness 
(Fibrous Material) 
(S) 


2 Inch Thickness 
v F i brous Material ; 

($) 


1/2 


2.00 


3.70 


3/4 


2.10 


3.95 


1 


2.20 


4.15 
4.45 


1 1/4 


2.40 


1 1/2 


2.50 


4.55 


2 


2.70 


4.74 


2 1/2 


2.85 


5.15 


3 


3.10 


5.45 


3 1/2 


3.40 


5.80 


4 


3.90 


6.40 


5 


4.30 


7.20 


6 


4.80 


7.75 


8 

10 


6.45 
7.20 


9.55 


12 


8.30 


12.25 



^oTT^t Htechanical and Electrical Cost Data 1979 , R. S. Means Co., Inc. 

* These are average installed costs, including labor and materials, for pipe 
located in accessible areas. Inaccessibility would cause increases in 
costs. 

Note: There is a small discrepancy in this example between the year's 

dollars in which energy savings and investment costs are expressed. 
That is, the UPW* factors used to find the present value of energy 
savings are based on a raid-1981 starting point, whereas the above 
investment costs are in 1979 dollars. To provide a great ,r degree of 
accuracy, investment cost data for 1981 could be used, o. , if t**y 
were not available, the 1979 prices could be adjusted to a 1*81 basis 
by applying to them a ratio comprised of a 1981 price index divided by 
a 1979 price index for the appropriate category of building materials. 
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Step 5. Answer the question, "Is it cost effective to Insulate the laboratory 
hot water pipes?" 

Answer: Positive net savings Indicate that the Investment Is cost effective. 



Step 6. Verification of Project Cost Effectiveness by Other Evaluation 

Techniques. (Note: This step Is unnecessary In so much as the NS 
technique Is reliable for determining cost effectiveness; It Is 
Included only to Illustrate the use of other techniques. J 



Life-Cycle Costing (LCC) Evaluation 

Approach: Calculate the total present value of energy costs plus other costs 
ever the study period for the base case (I.e., without the retrofit project) 
and for the proposed retrofit project In lt« alternative sizes, and see If the 
total Is lower with the project. 

o Calculate present value life-cycle costs for the base case (LCCgc): 

LCC BC - (150 Btu/hr/ft 1,040 hrs • 1,000 ft) • $9.00/10 6 Btu • 17.77 

0.55 • 10 6 ft 

- $45,362. 

o Calculate present value life-cycle costs with the retrofit project for 

each size alternative (LCCr): 

(20 Btu/hr/ft • 1,040 hr • 1,000ft) 
LCC R $9.00/10 6 Btu • 17.77 + $2,250 

1 0.55 • 10 6 ' 

\ 

- $8,298. 

(12.5 Btu/hr/ft • 1,040 hr • 1,000 ft) 
LCC R $9.00/10 6 Btu • 17.77 + $4,095 

2 0.55 • 10 6 

- $7,875. 

« 

Conclusion: Life-cycle building costs are lower with the project In either 
size alternative than without it, Indicating that the project In either size 
is cost effective. 
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Savings-to-Investment Ratio (SIR) Evaluation 

Approach: Calculate the SIR for each project size alternative and see if it , 
exceeds 1. 

(150-20)Btu/hr/ft • 1,040 hr • 1,000 ft 



SIR!"-- 



0.55 • 10* 



• 17.77J 



• $9.00/10 6 Btu • 17.77 * $2,250 



17.47 



SIR 2 "-" 



( 150-12. 5)Btu/hr/ft • 1,040 hr • 1,000 ft 



0.55 • 10 6 



• $9.00/10 6 Btu • 17.77 * $4,095 



"J 



- 10.15 

Conclusion: The SIR is greater than 1 for both size alternatives, indicating 
that either is cost effective. 



Discounted Payback (DPB) Evaluation 

Approach: Calculate the cumulative present value energy savings for each 
project size and determine in what year (Y) the cumulative discounted 
savings exceed the investmert cost for that size alternative, i.e., for what Y 
is PV ES (Y) - I > 0. 



The cumulative net savings numbers shown in table 5-2 are calculated as 

follows: 



UPW* 
for 



[( 150-20) Btu/hr/ft • 1,040 • 1,000 ft N-l ] 

■ • $9.00/10 6 Btu • 0.96 

0.55 • 106 J 



PV ES 

1 

-$2,250 - -$126. 
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PV E S r <*-2) 



42 



50-20)Btu/hr/ft • 1,040 • 1,000 ft 



UPW* 
for 



0.55 • 10 6 
-$2,250 - $1,909. 



$9.00/l06Btu 



ror -1 
N-2 
• 1.88 J 



PV 



ES, 



'i 

[ (150-12. 5)Btu/hr/ft • 1, 

0.55 • 10 



-$4,095 - -$1,849, 



040 br • 1,000 ft 

' • $9.00/l0 6 Bt 

10 6 



u • 0.96 J 



E (150-12. 5)Btu/hr/ft' • 1, 

0.55 • 10 6 



040 hr • 1,000 ft 

• $9.00/l0 6 Btu • 1 



-$4,095 - $304. 



J 



Table 5-2. Discounted Payback Solution 



0 
1 
2 



Cumulative Present Value 
Energy Savings 



Cumulative Net Savings 



1" Insulation 2" Insulation 1" Insulation 2" Insulation 



0 

2,124 
4,159 



0 

2,246 
4,399^ 



-$2,250 
-126 
1,909 



-$4,095 
-1,849 
304 
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Conclusion: For bo$i size alternatives, payback occurs in the second year— long 
before project life and energy savings are expected to end. Since there are no 
anticipated project costs Iker initial installation, the project in either size 
is cost effective. 

Step 7. Answer the question, "Which Project Size is Most Cost Effective?" 
Answer: 2" insulation results in greater net savings than 1" and, therefore, 
2" is more cost effective if there is no budget limitation. 

r 

Step 8. Verification of Most Cost-Ef fective Project Size by Other 

Evalution Techniques. I Again note that this step is unnecessary and 
is included merely to illustrate the use of other techniques.] 

\ 

Life-Cycle Costing (LCC) Evaluation , 
Approach: Compare LCC's of size alternatives to see which is less: 

LCC 

Size Alternative ($) > 

1" 8,298 

2" 7,875 
Conclusion: LCC is lower with 2" of insulation than with 1", indicating that 
2" ia more cost effective if there is no budget limitation. 

Incremental SIR (ASIR) Evaluation 

Approach: Determine if the ASIR is greater than 1. Note that the ASIR is the 
ratio of savings to investment for^the l&t increment of investment, in this case 
the extra investment required to increase insulation thickness from 1" to 2"; 
i.e., $4,095 - $2,250 - $1,845. The incremental dollar savings is based on the 
reduction in the hourly heat loss rate from 20 Btu/hr/ft with 1" of insulation to 
12.5 Btu/hr/ft with 2" of Insulation. 
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(20-12. 5)Btu/hr/ft • 1,040 • 1,000 ft 



• $9.00/10 6 Btu • t\.77 



ASIRi M +2 N 



0.55 • 10 6 

* ($4,095 - $2,250) 
- 1.23. 

Conclusion: The ASIR is greater than 1, indicating that the additional 
expense of the added insulation thickness is more than offset by the extra 
energy savings, such that the 2" size is more cost effective than 1" if there 
is no budget limitation. 

[Cautionary Note: The SIR computed on total investment and total savings data 
does not provide a reliable technique for sizing projects. The SIR for the 
1" thickness, for example, is 17.47, substantially higher than the SIR for 
the 2" thickness of 10.15, yet the incremental investment jta cost effective. 
(The discounted payback technique has the same type of shortcoming for sizing 
projects as the SIR.)] 

Step 9. Answer the question, "What Priority Should This Project Receive 

Relative to Other Projects if the Budget is Insufficient to Allow 
Acceptance of All Available Cost-Effective Projects? 0 

Approach: The economic objective in setting priorities is to choose the 

projects that will result in the greatest net benefits from the available 

budget, /^signing project priorities based on the descending order of project 

SIR's provides a workable approach for achieving (or closely approximating) 

this objective. 
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When there is a budget constraint, project sizing can often be accomplished in 
conjunction with project ranking by breaking projects ^into their size 
increments, computing SIR's on those increments, and ranking the increments 
relative to other potential projects. Assume, for example, that the 
illustrative pipe retrofit project using a 1" thickness of insulation is 
designated Project A, and the project increment required to increase thick- 
ness from 1" to 2" is designated Project B. Projects A and B can then be 
assigned priority relative to other projects C, D, E, F, ,and G— all of which 
are competing for the limited funds available— according to their SIR's, as 
shown in table 5-3. * 



Table 5-3. Joint* Sizing and Ranking of Projects 



Potential 
Projects 



SIR 



Project Ranking 
for Priority 



A (0+1" of Insulation) 
B (1*2" of Insulation) 



D 

E 
F 
G 



17.47 
1.23 
1.15 
15.50 
25.00 
12.52 
0.75 



5 
6 
3 



not acceptable 
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Since It is cost effective to choose all projects with SIR's greater than 1, 
2" of insulation will be selected over 1" if * sufficient funds remain 
after Projects E 9 A (1" of insulation), D 9 and F are funded. 



In practice f the sizing decision and the project priority decision are often 
treated separately, rather than Jointly as shown above. A project may first 
be sized as though there were no budget constraint (i.e., 2" thickness, of 
insulation), and then assigned priority relative to other projects based on 
the SIR computed on the size selected. Using this approach in the above 
example, project A (1" of insulation; SIR - 17.47) and Project R (the 
increment from 1" to 2" of insulation; SIR • 1.23) would not be separately 
identified in the ranking. Rather a single project entry (designated A) 
would be made, based on total values for 2" of insulation (SIR- 10.15), as 
shown in table 5-4. 




Table 5-4. Ranking of Projects of Predetermined Size 



Potential 
Projects 



SIR 



Project Ranking 
for Priority 



A (2" of Insulation) 

C 
D 



E 
F 



10.15 
1.15 
15.50 
25.00 
12.52 
0.75 



5 
2 



not acceptable 
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This latter approach results in a different relative priority of the projects 
than the former approach. A disadvantage of this approach is that* if funds 
are very limited, the project may not be done at all, even though its first 
increment (1") is estimated to be more cost-effective than projects D and F 
which now receive higher priorities. An advantage of th*. approach is thet the 
projects which are selected will be sized so as to avoid the loss of potential 
net benefits. For example, if 1" thick pipe insulation is installed, there 
will not likely be another opportunity to capture the additional net benefits 
that would have resulted from the additional thickness of 2". The relative 
merits of the approaches depend to a large extent on (a) the severity and 
duration of funding shortages and (b) the costs of later additional retrofit. 
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Section 6 
Sensitivity Analysis 

Some of the costs and most of the benefits of capital investment projects 
occur in the future, necessitating forecasting of their values. Since fore- 
casted data are usually uncertain, the findings of the economic evaluation 
will also tend to he uncertain. In addition, there are often unknown/ element, 
even in the very short run which may cause estimated values to deviate from 
actual values. Sensitivity analysis is one approach for taking into account 
uncertainty in economic evaluations. This section briefly treats the 
technique in three parts: 

am 

(1) Approach 

(2) Applications 
^ (3) Examples 
Approach 

Seneitlvlty analysis i. performed by simply repeating a project evaluation, 
with each repetition based on . different value of the factor in question. 

A pplications 

Sensitivity analysis is used in three main ways: (1) to identify critical 
parameters, (2) to address "what if" questions, snd (3) to establish upper and 
lower bound, for the e.timsted outcome. Sensitivity analysis is used to 
Identify the factors that are critical to a project's success by chsngin* i» 
turn or in combinstion the v.lues of fsctors in the snsly.is by given 
percentages snd observing the corresponding percentage change, in the measure 
of economic performance. 
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Sensitivity analysis is used to address "what if" questions (su^ch as how 

\ 

worthwhile will the project be if a certain component lasts only half as long 

0 

as the manufacturer claims) by finding the outcome under the hypothesised 
condition. The technique is used to set upper and lower bounds of estimated 

t 

outcome by repeating the analysis for the worst case and the best case. 
Examples 

Figure 6-1 illustrates a project choice that is sensitive to t.he length of 
time over which the project will be required. For a study period, of less than 
about 10 years, ft Has the lower life-cycle cost, but for a study period 
greater than 10 years, A has the lower life-cycle cost. 

Figure 6-2 illustrates the sensitivity of present value energy savings to the 
rate of energy escalation. Given a fixed discount rate of 7 percent and no 
escalation, present value savings rise only slightly over time. But as the 
escalation rate increases to 7 percent and then 14 percent, the present value 
savings rise sharply over time. 

References; 

See Workbook Section 13, Problem Set C, "Sensitivity Analysis Problem: 
Insulation," and -Workbook Section 12, Problem Set B, "Computer Room Waste Heat 
Recovery Problem." 
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Figure 6-1 Sensitivity Analysis 

i 

Time Horizon 

/ 

LCC 
In 
PV 
$ 



Years 

A a Project A 
B - Project B 
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Sensitivity Analysis 



PV 
Savings 

$1,000 




a. .07, E - .14 



15 20 
Years 

Note: Base-year Savings = $1,000 



= .07, E = .07 



= .07, E = 0 
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Section 7 
Probability Analysis 



Probability analysis is another technique for taking into account uncertain y 
in economic evaluations. It relies on the use of probabilities rather than 
repetition of the evaluation. Probability analysis is a useful approach whtui 
(a) there is more than one possible condition, or "state of nature," which can 
occur, (b) the project outcome may differ depending on the state that occurs, 
and (c) the probability, or relative frequency, with which each possible state 
is expected to occur can be used to calculate the average, or "expected," 
value of possible outcomes weighted according to their frequency of 
occurrence. The following four sections provide a brief treatment of the 

topic: 

(1) Approach 

(2) Problem Illustration— Calculating Expected Values 

(3) Decision Trees 

(4) Computer Simulations 
Approach 

(1) List the alternative courses 4f-act ion under consideration for which a 
decision is to be made. For example, which of two project alternatives. 
Project A o;? Project B, should be selected? 

(2) List the possible states which may be significant to the project decision. 
For example, a component may function without failure (state 1), or it may 
fail during the project study period (state 2). 
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O) For each state, estimate in turn the outcome if that state occurred and 
each of the alternative courses of action were taken. For example, what is 
the estimated life-cycle cost of Project A if state 1 occurs; what is the 
life-cycle cost of Project B if state 1 occurs; and what are the life^cyde 

f 

coats of each project if state 2 occurs? [Note that this is in effect 
sensitivity analysis using the conventional evaluation techniques considered 
previously, ) 

(A) For each possible state, it can now be determined which course of action 
would be best if it were known with certainty that the state in question would 
occur. Project B might be found to be the more cost-effective project if 
state 1 occurred with certainty, and Project A the more cost-effective project 
if state 2 occurred with certainty. [Note that one course of action might be 
preferred, or "dominant," for all states, in which case the desired course of 
action is clear. This means that the decision is not sensitive to the state 
which occurs. But it the best course of action does depend on the state that 
occurs, further analysis is required as described in steps 5-7 below.] 

(5) Assign a probability to the likely occurrence of each state, making sure 
th*t the probabilities of all of the states sum to 1.0. (The previous 
statement assumes one and only one of the states occurs). For example, state 
l f no component failure, may be expected to occur 60 percent of the time, and 
state 2, failure, 40 percent of the time. [Note that these probabilities may 
be based on statistical observation of the frequency of failure in like or 
similar components, or they may be based on a measure of the degree of belief 
that th' j respective stater will occur. I 
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(6) Calculate the expected value of each course of actio*. This is done for 
a course of action by multiplying the value which would result from that 
course of action under each state of nature by the probability that the state 

of nature will orcur, and summing the results. For example, 

\ 

EV A - PI X A1 + P2 X A2 + ••• + p n x An • 
where F.V A - expected value of a given course of action, A, 

p n - the probability of a given state occurring, where the subscript 
indicates states 1 to n, and 

x A - the estimated value associated with the given course of action, tf, 
if the state designated by the subscript n were to occur 
with certainty. 

(7) Choose the course of action according to the expected value criterion, i.< 
minimize the expected value of cost or maximize the expected value of net 

benefits. This decision process, based on expected values, is illustrated in 

r 

» 

the hypothetical example which follows. 
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V. 



•5 

Problem Illustration — Calculating Expected Values 

(Note: This is a hypothetical problem intended only to illustrate the 
technique, ] 

The problem is whether or not to install an emergency power generator for 
v refrigerated storage in a Federal warehouse facility. The -generator costs 
$5,000 to purchase and install, and Is expected to have no other significant 
costs over Its estimated 10 year life. Two courses of action are to be 
considered: Course A, do not install the generator; and° Course B, install the 
generator. * 

The rationale for installing the emergency generator is to protect against 
losses of stored goods which wiU result if there is a power failure lasting 
more than four hours. Based on past experience, the electric utility predicts 
the probability of a single occurrence within the period of a year of power 
failure exceeding four hours to be .005. The Federal agency estimates the value 
of losses per event of major power failure to be $50 , 000 without the generator t 
and $0 with the generator. 

The decision maker wishes to make the decision on the basis of minimizing the 
expected value of the overall cost of the operation. Should the generator be 
installed? (Assume that a 10 percent discount rate applies.) 
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SOLUTION 



Table 7-1. Annualized Cose of Alternative Actions Under Possible States of 
Nature * 



r 



~ Annualized Cost, Given State 

State 1 State 2 

No Power Failure Power Failure 
Courses of Action (p - .995) (p - .005) 

A (Do Not Install Generator) $0 $50,000 

B (Install Generator) $815 a $815 a 



a The annualized cost of Installing the generator is $5,000 x .163 - $815, 
where $5,000 is the Initial cost and .163 is the Uniform Capital Recovery 
Factor for 10 years and 10 percent. 

Expected Value Calculations : 

EV A - 1(0) (.995)] + [($50,000) (.005)] 

- $250. 

EV B - [($5,000) (.^3) (.995)] + [($5,000) (.163) (.005)] 

- $815. 

(Note that EV B can be found simply as ($5,000)( .163) , because according to 
problem assumptions the cost of Installing the generator is $5,000 regardless of 
the state. The calculation Is shown broken down Into elements for each state of 
nature to portray the more general case. For example, If a power failure would 
result in partial losses despite the Installation of the generator, then the 
cost of Action B would be a function of the State of Nature.) ^ 
Decisi on; 

Do not Install the emergency generator. 
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Ueci sion Trees + t 

IJecision trees are useful schematic torms for depicting .n a decision framework 
alternative [outcomes resulting from probabilistic events. A decision tree for 
the illustrative problem is shown below. Decision trees are constructed from 
left to right and are analyzed from right to left. Boxes are used to indicate 
controllable (decision) points and circles for uncontrollable (chance) events. 



DECISION TREE 

power failure $50000 

$250 



do not install-generator v-v / ( 005) 



£ 250 / v no power failure $0 




(.995) 

power failure $5,000*. 163 
$ 5L 5 / (005) 




install generator 

1 K 

no power failure $5,000*.163 

(.99S) 

f 



Computer Simulation 

Computer simulation i3 generally required when probability distributions are 
used for a number of input values. The computer is programmed to select a value 
at andom from each of che inpLt distributions, and to compute a measure of 
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economic performance (such as net savings) for each set of data so selected. 
This operation is repeated many times, generating a probability distribution of 
th* output. Statistical analysis oi the output distribution can then be used to 
provide the decision maker with a melsure of the degree of dispersion, the risk 
associated with the project, as well as the expected vajue. 



Reference ; See Workbook Section 13, Problem Set C, "Problem in Probability 
Analysis: Heat Pump Versus Solar Energy System." 
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Section 8 
Break-Even Analysis 

V 

Break-even analysis is a technique used to solve for the vslue of a aelected 
parameter which will equate benefits and costs. It is useful in a variety of 
decision making applications y usually in a supporting or supplementary role to 
other evaluation techniques. This section provides a brief introduction to 
the use of break-even analysis in the following three parts: 

( 1 ) Approach A 

(2) Applications 

(3) Break-Even Analysis Problem Illustration: Make-Buy Decision 
Approach 

Select a critical parameter, the value of which is uncertain, and ttfeat that 
parameter as an unknown. Construct an equation which sets present value 
benefits equal to present value costs (or the costs of alternatives equal to 
one another, depending on the nature of the problem), entering into the 
equation the unknown parameter. Solve for the value of the parameter. The 
solution value is the minimum or maximum value which that parameter can take 
and still have the project be minimally cost effective. For example, the 
break-even purchase and installation cost would indicate the maximum amount 
that a project could cost initially and be minimally acceptable, other things 
being equal. To evaluate project ^acceptability , the decision maker must 
consider the likelihood that the actual value of the parameter will be greater 
or less than the solution value. 



er|c 8 " , 92 



Applications 

One type of application for the break-even technique is in making decisions 
that result in the substitution of costs th#t are relatively fixed for costs 
that are relatively variable. * Examples include decisions to own versus to 
lease buildings and equipment; to produce an item internally versus to buy it 
outside; and to use labor-intensive versus* capital-intensive production 
techniques* 

Break-even analysis is useful to address the problem of uncertainty associated 

\ 

with many different kinds of projects by helping to establish the boundaries 
within which a project will be cost effective. Fos example, the technique can 
be used to find break-even investment cost, break-even energy savings, 
break-even system life, and the minimum or maximum required value of 
practically any other parameter critical to project success. 

The break-even technique is widely usud by private business tc estimate the 
minimum requirements necessary for successful operations, such *s the minimum 
sales required to cover total costs. 
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Weak-Even Analysis Problem Illustration: Make-Buy Decision 

iNote: This hypothetical problem is intended only to illustrate the 
technique. ] 

Pr oblem Statemen t; A temporary Federal facility in Pennsylvania, now in the 
planning stage, will have a demand for steam. But at this time only a very 
rough estimate of the quantity demanded is available. 



An outside source has expressed interest in supplying the steam requirements 
at an initial price (PP) of $10.00 per Mlb of steam supplied at the building 



change in the GNP price deflator index plus 5 percent. The source appears 
reliable and compatible with other aspects of the facility's plan. 

Preliminary estimates of the administrative, srace, equipment, and maintenance 
costs required for in-house production are as follows: 

Allocated Space (S): $20,000 

Administrative (A): $10,000/yr. 

Equipment, Purchase and Installation (E): $200,000 

Equipment, Maintenance (M) : $5,000/yr. 
(These are rough estimates because they are dependent to some extent on the 
quantity of steam to be generated which is not known at this time. However, 
the cost analyst thinks t*ie cost estimates are relatively accurate because of 
the large element of fixed costs involved.) 



Additional information required to determine the cost of in-house production 
is as follows: 



boundary, with a subsequent annual escalation of price equal to the annual 
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Price of Coal per ton (PC): $45.00 
Anticipated Plant Efficiency (Eff): 65% 
Required Length of. Service (N): 8 years 
Anticipated Salvage at the End of 8 Years (S) : 0 
Btu jbontent per Thousand Pounds (Mlb) of Steam: 1.05 x 10 6 Btu 
Btu Content per Ton of Coal:' 22.5 x 10 6 Btu • 

The facility planners are trying to decide whether to recommend that the steam 
requirements be met through the outside supplier or by in-house production. 
They believe life-cycle cost differences should be the deciding factor. 
However, they are having difficulty with this comparison due to the 
uncertainty regarding the amount of steam that wl I be demanded. 



To do: 



Assist theih with their decision by estimating the minimum quantity of annual 
steam demand necessary for cost-effective ln-house production. 



Solution: 

1 i 

Step 1. Equate the cost of purchase with the cost of production, entering 
the quantity of steam demanded as the unknown variable; I.e., 



PP .ZMlb • iUPW* 8yrt7%t5X - S + E + [(A+M) • UPW 8yr>7Z ] + 

i 
i 

. pc . upw* 8yrt7%tDoE3 



ZMlb • 1.05xl0°Btu/Mlb 
0.65 • 22.5xl0 6 Btu/ton 
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Step 2. Solve for break-even level of steam, Mlb; i.e., 

1+0.05 

$10.00 - ZMlb • ' 



».97] 




0.07-0.05 
ZMlb • 1.05xl0 6 Btu/Mlb J 
0.65 • 22.5xlO&Btu/ton 



$20,000 + $200,000 + [(10,000+5,000)^ 



$45/ton • 7.37 



$73.56 • ."-Mlb - $220,000 + '$89,550 + 23.81 ZMlb 

1 

$49.7 5 - ZMlb - $309,550 

Z - 6,222 Mlb. • '• 

Step* 3. Draw Conclu«*on, I.e., 

For cost-effective production of steam in-house, the annual demand must be 
greater than about 6,000 Mlb. Due to the large component ot. fixed cost for 
in-house steam production, less steam consumption cou>u more economically be 
purchased from outside. Higher consumption, on the other hand, would help 
reduce the cost per pound for in-house production and thereby likely make it 
cheaper than the fixed price per pound of steam purchased from the outside. 

L 

4 

References: ' 



Other Problem Examples! See Workbook Section 12, Problem Set B, "Computer 

Room Waste Heat Recovery Problem," and Workbook 
Section 14, Probfenl Set D, "Team Problem— Break- 
Even Orders for a Computerized Procurement System. 
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Section 9 
Replacement Decisions 



Replacement Theory or Analysis is a methodology for finding the economic life, 
that is, the service interval for equipment and facilities for which 
life-cycle costs for a given level of service will be minimum or net benefits 
will be maximized. It is briefly treated here in the following two parts 
because replacement decisions go hand-in-hand with other project investment 

decisions: 

(1) Approach 

(2) Illustrative Problem: Determining Optimal Replacement of Like 

Equipment 

Approach 

The customary approach for determining the optimal service interval is to 
compute the annualized costs for different service Intervals and select the 
interval that minimizes annual cost. For certain kinds of problems such as 
those involving relatively short, well-defined time periods, it may be more 
convenient to minimize present value costs. 
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Illuhtrative Problem; Determining Optimal Replacement of Like Equipment 

[Note: This hypothetic AT jpxaraple is intended only to illustrate the 
technique. ] 

Question : How frequently should a given piece of equipment (E^) be replaced? 
Data and Assumptions: 

o Identical constant dollar costs (C) for present and future replacement 
units of E A of $20,000 

o Uniform benefits 

o Long duration of service 

o The following are resale values (S) and operation, maintenance, and repair 
costs (0+M+R) for each year the equipment is in service: 



Year Resale O+M+R 

in Value Cost 

Service (constant $) (constant $) 

1 12,000 2,000 , 

2 10,000 3,000 

3 8,000 4,000 

4 6,000 r, 5,000 

5 1 2,000 6,000 



yprr 'chf_ Find the number of years until replacement (n) for which the 

annuel, id cost (AC(n) ) is minimum, where 

n 

AC(n) - [C - (S(n) x SPW(n)) + I [(0+M+R)j x SPW* ] ) x UCR(n) 
Solution: 
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Step 1, Calculate annual costs for different values of n. 



AC (n) - [C -(«n) * SRW(n)) + I [(O+MjfRj) * SPW,]] (UCR(n)) 

1-1 

AC (1) - [[$20,000 - (12,000 * 0.03)] + (2,000 x 0.03)] (1.07) - $11,449 

AC (2) - [[$20,000 - (10,000 *0.87)] + [(2,000 x 0.93) + (3.00C x 0.87)]] 
(0.SS3) - $8,721 

AC (3) = [[$20,000 - (8*00 x 0.82)] + [(2,000 x 0.93) + (3,000 x 0X7) + 
. (4,000 x 0.82)]] (0.381) - $8,073 

AC (4) - [[$20,000 - (6,000 x 0.76)] + [(2,000 x 0.93) + (3,000 x 0X7) + 
(4,000 x 0.82) + (5,000 x 0,76)]] (0.295) - $7,962 

AC (5) = [[$20,000 - (2,000 x 0.71)] + [(2,000 x 0.93) + (3,000 x 0.87) + 

(4,000 x 0.82) + (5,000 x 0.76) + (6,000 x 0.71)]] (0.244) - $8,391 



r 
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Step 2. Compare the annual costs for different replacement times and 
identify the replacement time for which annual cost is lowest. 



YEAR RESALE ANNUAL O&M EQUIVALENT 
IN VALUE COSTS ANNUAL COST 



■SERVICE $ $ $ 



0 20,000 0 0 

1 12,000 2,000 11,449 

2 10,000 3,000 8,721 

3 8,000 4,000 8,073 

4 6,000 5,000 7,962* 

5 2,000 6,000 8,391 
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Step 3. Establish replacement schedule. 



AC 
($) 



8,000 



RESULTING REPLACEMENT POLICY 



Scheduled 
replecement 



1 



1 



1 



1 



1 



Scheduled 
replecement 



4 



■**<«> 



1980 1881 «82 1983 1984 1985 1986 1987 1988 
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New Information: Now assume that it is approaching the scheduled time in 1984 
for replacing the equipment (E A ), based on the preceding analysis. However ?i 
new information has been received that an Improved piece of equipment (Eg), 
will be available in 1985. An analysis of E B indicates that its annualized 
costs will be about $5,000 if it is replaced every six years. This new 
scenario Is illustrated by figure 9-1. 

Question; What decision do we make for 1984? 

Approach: Identify alternative actions that might be taken, and compare 
present value costs for the period 1984-1988 under the alternative actions. 
Then select the action that Is estimated to result In the lowest present 
value. (It is. only necessary to consider the period 1984-1988, because the 
new equipment E B will be introduced no later than 1988 and, once introduced, 
It will have a replacement schedule of every six years). 

Solution : Three alternative actions are identified and their present value 
costs estimated, as shown in figure 9-2. The third action listed, "Keep 
existing equipment until 1985, then innovate," Is estimated to be the. 
cost-ef fectlve decision. 

References: Also see Workbook Section 14, Problem Set D, "Team Problem: 
Determining Optimal Retirement of Equipment." 



9 
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Figure 9-1 



DETERMINING REPLACEMENT WITH UNLIKE EQUIPMENT 



AC 
($) 

8,000 
5,000 



V_ Scheduled 
replacement 



Scheduled 
replecement 

Ea(4) 




E B (6) 



1983 1984 



1985 

Improved 
•quipment ie 
expected to 
become aveilebM 



1986 1987 1988 



What decision do we make for 1984 ? 
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BEST COPY AVAILABLE 

Figure 9-2 



i 

SOLUTION: COMPARE PV COSTS FOR 1984-1988 
UNDER ALTERNATIVES 



• Raplaca In 1984 with E A and wait until 1988 to Innovata 

PV - 88,000 x 3.39 - 827,120 

• Raplaca In 1984 with E A and Innovata In 1985 

PV - [820,000 - (812,000 x 0.93)] + (82,000 x 0.93) + (85,000 x 2.82 x 0.93) 
- 922,883 

* • Kaap axlatlng aqulpmant until 1985, than Innovata 

^ & / N ^ 

PV - [86,000 - (82,000 x 0.93)] + (88,000 x 0.93) + [85,000 x 2.62 x 0.93] 
-821.M3 

'This Is ths dsclslon that minimises prsssnt valus costs. Attsr E. Is sdoptsd In 
1M8, It would thsn bs roplacsd ovsry • yssrs. 
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Section 10 
Worksheets 



Thl. M«<o. contain, .ix .«t. of «rh.h.et. for .olving retrofit building 
problem, and on. «t for ..l.cting »ong .lt.rn.tiv. new building designs. 
Th.y .r. provided .. .id. in org.ni.ing the d.t. .nd performing the 
clcuUtion. to .olv. problem. pr...nt.d in Section. 11 .nd 12. Problem 2 
in Section 11 .nd problem. 1 »d 3 in Section 12 require on. ..t of 
retrofit «rh.h.«t. e.ch. Problem 2 in S.ction 12 retire* three .et. of 
retrofit «rk.heet.. Problem 3 in Section 11 u... the ..t of new building 
design worksheets. 
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RETROFIT LCC WORKSHEETS 

*»■'.* • 

Identifying Informatio n 

/• 

Building Description: 

Location _____ .. 

DoE Region ______ 

Functional Use 

Building type ( ) Residential 

( ) Commercial 
( ) Industrial 

Remaining Life of Building 

Project Description 



Expected Project Life 



Length of Study Period (Not to Exceed 25 years) 



ERIC * 
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BETROPIT LCC WORKSHEET (Continued) 

i 9 Calculating the Present of Energy Co.C. Without th. Retrofit 



TTFE 



electric rrr 



Oil 



CAS 



OTHER 



TOTAL 



<i) ' • 

ANNUAL UNITS OF 
ENERGT PURCHASED 



(2) 
BASE-TEAR 
ENERGY PRICE 

PER iwrr 



BASE-TEAR 
ENERCT COSTS 



BASE 

CHARGE 

A' 



DEMAND 
CHARGE 



TIME OP 
DAT CHARGE 



CONTRACT 
CAPACITY 
CHARGE 



OTHER 

CHARGE 

COMPONENT 



UPV* 
FACTOR 



1/ Calculating tuveataent Cost, foe the Existing System. Without the Retrofit 



(3>xJ4)- 

PRESENT VALUE 
OP ENERGY 90STS 



(1) B«se~T«*r Resale, Salvage, or Reuse Value of the Existing Secern to be Replaced I 

(2) Base-Year Renovation Co.ts for the Existing System if the Retrofit Project is ^ 
Not Iopleceatcd 



C. Calculating Annually Recurring Nonfu.l Operation end Meiocenauce «*M> Costs Without 

the Retrofit 

. — U)xUJ- > 

(1) tm/pLtor Present Talus of Annually \ 



/_ao»iat of Annually Recurring 
Coets in Base Tear 



Recurring Costs 



\ 



7 
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UIHO? It LCC WORKSHEETS (Continued) 



D. Calculating Nonennuallp Recurring OftN (Nonfuel) Costs, Replacsaant Costs, and SUvtp Vslue Without the 
Retrofit. 



(1) 

TEAR IN 
WHICH 
EXPENDITURE 
15 EXPECTED 
TO OCCUR 


(2) 

AMOUNT Of HON- 

ANWALLT • 
RECCURRINC O&M 
COSTS (IN BASE-f 
WAR $)1 


AMOUNT Of 
REPLACEMENT 
COSTS (IN 
BASE-TEAR 9) 1 


(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 
BASE-TEAR 9)1 


(S) 
3PW 
FACTORS 


(2^(5). 

PR2SENT 
VALUE or 
NON- 
ANNUALLT 
RECURRING 
04M COSTS 


(3)^5)- 

PRESENT 
VALUE or 
REPLACEMENT 

• 


(a* ) 

PRESENT 

value or 

SALVAGE 
VALUE 














• 








-" 






















/ 




• 


• 


r 
















f 


\ 


A 












• 












> 








\ 


H 
















• v - 






























a . 


















• 








TOTAI* 

















E. Calculating TLCC Without the Retrofit 



(1) 


Present 


Value of 


Energy Costa ; A(5) Total 


♦ 




(2) 


Present 


Value of 


Investment Costs * B(l) or (2) 






O) 


Present 


Vslue of 


Annually Recurring (Koniuol) 04M Costs : 


c(3) 




(O 


Present 


Value of 


NonaonueJLlp Recurring (Nonfuel) Otti Coses: D(6) Total 




(3) 


Present 


Value of 


Replacement Costs : D(7) Total 






(*) 


Present 


Value of 


Ssivegs : D(8) Total 






<7) 


TtCC Without the 


Retrofit: (l)+(2)+(3) + (4)+(5)- 


(6) 


m 

■ s 



1 25 1 !!ni! , M !Lr»S tt !l l ri.I*2! rrt "" <80 "' utl) WH «••". w»ui«« eo.c., or .*l*„. oee«t In 1990 

i«w tltZ larl'/tlo" b-M "™ r 4on * c ' "~ ***** lh « 1,90 ta 1982 ao11 *"' 1 - 
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UTXOrtr LCC WORKSHKTS (Cootiaued) 
F.rt« F through J Caiculote TUX with tho Rotrof it 




' C. ColcuUciog Xavootaaac Cooto with tho Rotrof it 



(1) lotiootod Actual Xnvcocaont Cooto for tho Retrofit Frojoct 

(2) Inveotnent Coot Adjuotaoot Foetor 

(3) Adjusted Iaveetneot Cooto for tho Retrofit Frojoct : (l)x(ll) 

(A) *ooo~Toer Raoovotioo Cooce for th« txiotin*- S/otea if tho 
Retrofit Frojoct 1» Iopleeeotcd 

(3) To'.ol Adjuoeod FToooat Folue Iweetaeot Cooto Attrihotoblo 
to tho Retrofit Frojoct t (3)+^) 



BEST COPY AVAILABLE 



9 
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RZTROflT LCC WORKSHEETS (Continued) 



K. Celculetlng Annually Recurring (Nonfuel) Operation and K.'neiDiaci (06M) Coata With the Retrofit 



(1) 

Aoount of Annually Recurring 
Coete la Beea Tear 



(2) 
UPW Factor 



OTxp 

fraaaoe Valua of Annually 
Incurring Coats 



I. CaleuUetog Wooaooually Racurrln* (Noatual) CM Coaea, Raplacaaaoe Coaea. aod Salv.ra Valua Uteh thi 
Retrofit 



(I) 

TEAR IN 

WHICH 
EXPENDITURE 
IS EXPSC7ED 
TO OCCUR 


(2) 

AMOUNT Of NOtf- 

ANNUALLT 
RECURRING O&M 
COSTS (IN SASE- 

TEAR $)l 


(3) 
AMOUNT OF 
REFUCEMfyr 
COSTS (IK 

base-year $)* 


<*> 

AMOUKT Or 

SALVAGE 
VALUE (IN 
IASS-TZAR S) 1 


(5) 
SW 
FACTORS 


PRESS NT 

f Abbb wr 

KON- 

ANHttVLLT 
O&H COSTS 


PRESENT 

VA uUb wr 

REPLACEMENT 


PRESENT 

VALUL ur 

SALVAGE 
VALUE 



















































































































































TOTAL 












1 





J. Calculating TLCC With the Retrofit Project 



H(3) 



(1) Present Velue of Energy Coata: F(5) Total 

(2) Present Velua of Adjuateo 1 trv/teCaeat Coeta: C(5) 

(3) Present Value of Annually Recurring (Won fuel) O&H Coata 

(4) Preeent Value of Nonannuelly fcacurrlng (Moafuel) 04M Coata : 1(6) Total 
(3) Preaant Value of Repleceaent Coata J 1(7) Total 

(6) Preaant Value of Salvage : 1(8) Total 

(7) TLCC With che Retrofit Project : (l) + (2) + (3) + (4 )-f (5) - (6) 



ERJC 



I Saa footnota onPflft D f or oaplanaeton. 



10-6 



uo 



BEST COPY AVAILABLE 



mROftX tCC WORKSHEETS (Continued) 



K. 8et Saving, or Kxc... Co.t of th. R etrofit Project 

(1) TLCC without tho Retrofit ; 

(2) TLCC with the Retrofit ; J (7) 

(3) Net Savlng» (+) or net looses (-) : (l)-(2) 



L. SIR Calculation 



(1) SIR Nuaerator 

(o) Energy Cost Savings froa the Retrofle : E(1)-J(D 
<b) Chang, in Nonfu.l. MM Costs ; [ jO)H<*) ] -[E(3)+(«) ] 
(c) SIR Sunerator : (a)-(b) 
(2) SIK Deoonlnaxor 

(a) AdJusMd Differential Investment Cost : j(2)-E(2) 

(b) Change in R.placeneot Costs : JC5)-E(5) 

(c) Change in Salvage Value • J(6)-E(6) 

(d) SIR Deooninator : (a)+(b)-(c) 

(3) SIR foe Ranking the Retrofit Project : (1) (c)*(2) (d) 



BEST COPY AVAILABLE 
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RETROFIT LCC WORKSHEETS 



Identifying Informatio n 

Building Description: 

Location 

DoE Region 

Functional Use 

Building type ( ) Residential 

( ) Commercial 
( ) Industrial 

Remaining Life of Building 

Project Description 

Expected Project Life 

Length of Study Period (Not to Exceed 25 years) 
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RETROFIT IXC WORKSHEET (Continued) 



A. CUeuUtliig th. tr««nt Vmlw of E*.r*r Cotti Without tht Rttrofit 



TTSt 

electricity 



<« 

ANNUAL UNITS Of 
CNERCT PURCHASED 



OIL 
GAS 
OTK23L 



iOTAL 



<2) 
USE-TEAR 
ENERGY PRICE 
PER UNIT 



BASE- TEAR 
ENERGY COSTS 



BASE 
CHARGE 



DEMAND 
CHARGE 



TIME OF 
OAT CHARGE 



CONTRACT 
CAPACXTT 
CHARGE 



CHARGE 
COMPONENT 




(4) 

UPW* 
FACTOR 



PRESENT VALUE 
Of EHERCT COSTS 



B. Calculating Tnveetaent Co.t. Cor the Exiting ?yet« Without th. Retrofit 

(I) feM-T.tr liMU, sa«|., or Uu« Value of the Editing Syetea to be Repl.cee 

<2) Beoe-Tear ^novation Coete for the Exietlog Sy.teo if the Retrofit Project ie 
Wot lapleftented 

C. Calculating Annually Recurring Konfuel Operation end Kelnt.nenee (MM) Coete Without 
the Recroflt 



O) 

Aaounc of Annually Recurring 
Coete In Bate Teer 



(2) 
OPW Factor 



— 1 U)x(7T= 

O) 

Preeent Value of Annually 
Recurring Coete 
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RETROFIT ICC WORKSHEETS (Coatlouad) 



D, Calculating NonaoauaUy Recurring 04M (Honfual) Coata, Raplacs«aot Coats, and Salvaga Valua Without tha 
Retrofit. 



(1) 
TSAR IN 
WHICH 
EXPENDITURE 
IS EXPECTED 
TO OCCUR 


(2) 

AMOUNT OF NON- 

ANNUALLT 
RECCURRING 04M 

F**# W W V r\eT% 4> ■ » \^ W Via 

COSTS (IN EASE- 
YEAR J)l 


(3) 
AMOUNT OP 
REPLACEMENT 
COSTS (IN 
BASE-YEAR $) 1 


(4) 

AMOUNT OP 

SALVAGE 
VALUE (IN 
BASE-TEAR $) 1 


(S) 
SPW 
FACTORS 


P?JESENT 
VALUE OP 
SOH" 

AKKBALLY 
1XCCRRINC 
04 H COSTS 


0)^(5)- 

PRESENT 
VALU5 OP 
tEPLACJMENT 


PRESENT 
VALUE OF 
SALVAGE 
VALUE 
































■ , , ■ 


























































\ 


















































\ 






































TOTAL 

















E. Calculating TLCC Without the Retrofit 



(1) fresctnt Valua of Energy Coats ; A(5) Total 

(2) Praaent Valua of Inveatneot Costa • B(l) or (2) + 

(3) Praaent Valua qf Annually Recurring (Nonfuel) MM Coata : C(3) + 
<4) Present Valua of Nonannually Recurring (tfonfuel) O&H Coats! D(6) Total + 
(3) Freeent Vaiua of Raplacereant Coata : D(7) Total + 

(6) Preaant Valua of Salvaga : D(8) Total 

(7) TLCC Without tha Retrofit: (l)+(2)+(3) + (4)+(5)-(6) 



BEST COPY AVAILABLE 
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* for exenpla, If nonamiual I7 recurring (nonfuel) 04M coata. repUcteeat coata, or aalvage valua occur In 1990 
and you ara ualng 1982 #a tha baaa year, beae-y««r dollara aaena ttatlag tha 1*90 coata In 1962 dollare, i.e. 
Without future inflation. 
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RETROFIT LCC W0RXSH2STS (Continued) 
*rti f through J Cslculsts TUX vith ths Retrofit 



?. Cslcuieting ths Present 7*lu* ot Fusl Costs With ths Rstrofit 




C» CslcuUsiag InTestaent Coets vith tbs Retrofit 



(1) Estloeted Actual Xavescnent Costs for the Retrofit Project 

(2) Investment Cost Adjustment Tsctor 

(J) Abutted Xnvestnent Coats for tho Retrofit Project : (l)x(2) 

(4) ftas*~Yesr Renovetioo Costs for the Existing Sr««* ** ths 
Retrofit Project is Inplewentetl 

O) Total Adjusted Present fsius twestasnfc Costs Attributsbis 
to the Retrofit Project (3)+(4) 



BEST COPY AVAILABLE 
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RETROFIT ICC WORXSHEETS (Continued) 



H. Celculatia* Annually Rscurrlng (Nonfuol) Operation ecu! Malntanence (C4M) Costs With the Retrofit 



(1) 

Anount of Annually Recurring 
Coses la Bass Tear 



(2) 
UPU Factor 



<3> 

Fraaan Valua of Annually 
tac~.Tlag Coaca 



I. Calculating Nonauauallr^currla* (Noafual) 06M Coatt. Xaplacaaaac Coats, and Salvaga Talua Wleh tha 
Retrofit 



(1) 

TEAR Of 
VHICH 
EXPENDITURE 
IS EXPECTED 
TO OCCUR 


(2) 

AMOUNT OF HON- 

ANNUALLY 
RECURRING O&M 
COSTS (IN BASE- 
YEA* $) 1 


(3) 
AMOUNT OF 
REPLACEMENT 
COSTS (IN 
BASE-TEAR S) 1 


(*> 
AMOUNT OF 

SALVAGE 
VALUE (IN 
EASE-TEAR 5) 1 


(5) 

spy 

FACTORS 


C 2 W (SV 

P2ES2NT 
VALCE OF 
NON- 
ANMZALLT 
XZCUKRINC 
OtM COSTS 


PRESENT 
VAUjm OF 
REPLACEMENT 


PSESENT 
VALUE OF 
SALVAC2 
VALUE 



































> 


















































































c 

- 






























TT* 1 f S 










\ 
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J. CalculAcing TLCC With the Retrof ic Project 



(1) Present Value of Energy Coata - . F(5) Total 

(2) ?rea*nc Value of Adjusted Inveeta«nt Coats: G(5) 

(3) Present 7alue of AnnuaLLy Recurring (Wonfuel) CAM Coata : H(3) 

(a) Fraaent Value of Nonannually Recurring (Sonfuei) 0AM Coats • 1(6) Total 

O) Fraeent Value of Replacaaene Coats 1 1(7) Total 

(6) Fraeent Value of Salvage : 1(8) Total 

(7) TLCC With tha Retrofit Froject : (D+(2)+(3)+(4) + (5)~(6) 



■f 



I Sae footnote on Part D for explanation. 
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WT/tOrtT UC l/ORKSHZCTS (Continued) 

K, Net Savin 6 » or ZxctB* Cost of the Retrofit Project 



(1) TLCC without Che Retrofit : E(7) 

(2) TLCC vich the Retrofit : J (7) 

(3) Net Savings (+) or nec losses <-) : (l)-(2) 

U SIR Calculation 

(1) SIR Nuaeracor 

(a) Energy Cose Savings froa che Recrofit : E(l)-J(l) 

<b) Change in Nonfuel. OfcM CosCs ; [ j(.3)+(4) ] -[E(3)+(4) ] 

(c) SIX Huoeracor : (a) -(b) 

(2) SIX Deoooinacor 

<a) AijusCed Differencial Invescoent OosC : J(2)-E(2) 

(h) Change lo Replacaoeat Cotta • J(!>)-E(5) 

(c) Change in Salvage Value : J(6)-EC6) 

(d) SIR Deootainator 1 (a)+(b)~(c) 

(3) SI* toe KanUng :he Retrofit Project : (1) (c)-? (2) (d) 
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RETROFIT LCC WORKSHEETS 



Identifying Informatio n 



Building Description: 
Location 



DoE Region 



Functional Use 



Building type ( ) Residential 

( ) Commercial 
( ) Industrial 



Remaining Life of Building 



Project Description 



Expected Project Life 



Length of Study Period (Not to Exceed 25 years) 
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RETRO? IT tCC WORKSHEET (Continue) 



A. C«leul»ciog th« rr«»nc V«lu« of Energy Co«ti Without eh* Retrofit 



TTPE 



ELECTRICITY 



OH. 



CAS 



(1) 

ANNUAL UNITS Or 
EHERGY PORCRASED 



(2) 
USE-TEAK 
ENERGY PRICE 

per imrr 




EASE-TEAR 
IHZXGX COSTS 



BASE 
CHARGE 



DEMAND 
CHARGE 



— 

DAT CHARGE 



CONTRACT 
CAPACITY 
CHARGE « 



CHARGE 
COMPONENT 



OTV* 
FACTOR 



PRESENT VALUE 
OF ENERGY COSTS 



B. OUcuUUng tavostarat Costs for tho Existing Systs* Without tho Rotrofit 



(1) Bsas-Twur Rosoio, Stlvofo, or Rous* Voiuo of tho Existing Systoa to bo Roplocad $ 

(2) Bost-Toar Ronovotioo Costi for tho Existing Systso if tho Rotrofit Projoct is 
Hot Iapisscntcd 



C. ColcuUtlag Aaawoliy Rocurring Hoofuol Oporotioa sod Msintonsnco <0*M) Costs Without 
tho *o trot it 

— " (l]xU>« 

(2) (3) 
OTU factor Frosoot Voiuo of Annually 



(1) 



Aaouat of Annusiiy Rscurring 
Costs la B4so Ysor 



Rscurrioj Costs 



BEST COPY AVAILABLE 
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RETROFIT LCC WORKSHEETS (Coatlnuad) 



D. Calculating Honaanually Recurring 04H (NonlW) CoaCa, Xiplici MQ t Coata, and SUviii Valua Without th« 
Retrofit. 



(1) 

TEAR IN 
VHICH 

expenditure 
13 expected 
to occur 


(2) 

AMOUNT OF NON- 

ANNUALLT 
PECCURRING QiH 
C0&TS (IN BASE- 

TEAK $)* 


(3) 
AMOUNT OF 

Mi r ^UmVm • » ft 

COSTS ( IN 
BASE-YEAR S) 1 


(*> 

AMOUNT OF 

VALUE (IN 
BASE-YEAR S) 1 


(3) 
SPV 


(2}x(5)- 

PRESENT 

VALUE Or 

NON- 

ANNUALL? 
RECURRING 
04K COSTS 


(3)^(5)- 

PRESENT 
7ALUZ CF 
REPLACEMENT 


(4 >x(:>)« 

(S) 
PRESENT 
VALVE OF 
SALVAGE 
VALUE 




■■ 












• 






















• 












»• 
































































■ ■■ — -~ 










• 










































r 












TOTAL 

















E. Calculating TLCC Without the R»r.roflt 



(1) 


Preaane Valua 


ot En.rcy Coaea : A(5) Total 






(2) 


Praaent Valua 


of Inv«*eaeoe Coaea : B(l) or (2) 






(3) 


Fraaaoc Valua 


of Annually Racurrlog (Hon/uol) 04H Coaca : 


CC3) 


+ 


(*) 


Present Valua 


of Noaannually Recurring (Koofual) OSH Coaca: D(6) Total* 




<5> 


Preacnt Valua 


of Rtplacanune Coaca ; D(7) Total 






<6) 


Prejent Valua 


of salvage : D (8) Total 






(7) 


ncc wichouc eh. Katrofie: (l)+(2)+(3)+<4)+(5)- 


(6) 





BEST COPY AVAILABLE 



ERIC 



1 ana vonll , ui!nH;r*l l rK t,C J rrlng (n ^ tl) °* H C0,e, « « aalv. M valua occur in 1990 
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iraOflT LCC WORKSHEETS (ContUuad) 

facta t through J CalcuUta TLCC *ith tho Xmt^ot It 




(I) EfttlMtftd Actual Xnvaatvaot Coats for tha Rttroflt Fro J ace 



(2) Invaataent Coat AdJu*o*nt Factor 

(3) Adjuated Xavaatnaot Coata for cha Retrofit fro J act : (l)x(2) 

(4) Baaa-T«ar fcanovatioo CoaCa for tha txlatlng Syata* i£ tha 
Retrofit rrojact la Xapla»Mt«d 

(3) Total Adjuata* fraaeot VaIuo Iwataoot Coata Attributable 
to the ltatro<lt Projact: 



BEST COPY AVAILABLE 
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RETROFIT LCC WORKSHEETS (Continued) 



•/ 



K. Calculating Annually Recurring (Nonfuel) Operation end Maintenance (O&M) Costs With the Retrofit 



(1) 

Aaount of Annually Recurring 
Cost! la Reee Year 



(2) 
FTV Factor 



CUx(i)- 

(3) 

Frassnt Value of Annually 
Recurring Costs 



I. Calculating Nooannually Recurring (Nonfuel) O&M Costs, Replaceable Costs, and Salvage Value With the 
Retrofit 



(I) 

TEAR TH 

EXPENDITURE 
IS EXPECT 20 
TO 0CCC7 


<2) 

AMOUNT Of t'ON- 

RECURRING y 0iM 
COSTS (IN BASE- 

TTiB *\i 


<3) 
AKOOWT Of 
RXPLACTMENT 
• COSTS (LV 
BASE-VZAR 5) 1 


<*) 
AMOUNT 0? 

SALVAGE 
VALUE (IN 
SASS-tZAR $) 4 


(5) 
SIV" 
FACTORS 


PRESENT 
VALCS 0? 
NON- 

ANXUALLY 
RtCURRINC 
OiH COSTS 


Ofc<5>- 

PRESEJfT 
, VALUE OF 
REPLACEMENT 


FR2SZNT 
VALUE OF 
SALVAGE 
VALUE 


• 




V 1 1 


















































































































• 


























TOTAL 






^^^^^^ 


X 




1 





J. Calculating TLCC With the Retrofit Project 



(1) Present Value of Energy Coete : F(5) Total 

(2) Present Value of Adjusted Invcataent Coaca; G(5) 

O) Preuent Value of Annually Recurring (Monfuel) 0*M Coats ; H(3) 

(4) Present Value of Nouaanually Recurring (Nonfuel) OiH Costs : 1(6) Total 

(5) Present Velue of Replacement Costs 5 1(7) Total 

(6) Present Value of Salvage ; 1(8) Total 

<7> TLCC With the Retrofit Project: (l) + (2) + (3)+(4) + (5) - (6/ 



9 

ERLC 



I See footnote unPart D f 3r explsnteton. 



HtST COPY AVAILABLE 



tlXtOf IT LCC WORKSHEETS (Continued) 



K. Wit Savings jv Excoi/Cott ot the Retrofit ?roJact 



(1) TLCC vlchcu? Che Retrofit : E(7) 

(2) TLCC with the Retrofit : J (7) 1 

(3) Net Saving* (+) or net leases (-) ; (l)-(2) 

t, SIR Calculation 

CI) SIR tfuoerator 

(a) Energy Cote Saving* froa Che Retrofit : E(l)- J Ci) 

(b) Change to Nonfuel.ttM Costs- [ JC3)+(4) ]-[E(3)+(4) ] 

(c) 5XR Nuoerator : (a) -(b) 
(2) SJW Dtooaloetor 

(a) Adjusted Differencial Investaent Cost : J(2)~E(2) 

(b) Change la RupleccaeaC Costs : J(5)-E(5) 

(c) Chang* la Salvsge. Value : J(6)-E(6) . H 
<d) SIR Denoninator : (a)+(b)-(c) 

(3) SIR for Ranking the Retrofit Project : (1) (c)*(2) (d) 




ft 



BEST COPY AVAILABLE 
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RETROFIT LCC WORKSHEETS 
Identifying Informatio n 

Building Description: 

Location ^ . 

DoE Region ft , 

Functional Use 

Building type ( ) Residential 

( ) Commercial 
( ) Industrial 

Remaining Life of Building * 

Project Description 

Expected Project Life 

Length of Study Period (Not to Exceed 25 years) 

4 



124 
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RETROFIT LCC WOKXSHZET (Continued) 



A # Calculating thi freeent Value of Energy Coeta Without the Retrofit 



TYPE 



ELECTRICITY 



(I) 

ANNUAL ONITS 09 
ENERGT PURCHASED 



<2) 
EASE-TEAR 
ENERGY PRICE 
PER UNIT 



EA5R-T5AK 
ENERGT COSTS 



1ASZ 

CHARGE 



DEMAND 
„ CHARGE 

9 

TIME OP 
OAT CHARGE 



CONTRACT 
CAPACITY 
CHARGE 



OTHER 

CHARGE 

COMPONENT 



wvr* 

FACTOR 




I3)x(«)- 

PRESET VALUE 
Of ENERGT COSTS 



B. Calculating Inveetaeat Coat a for the Existing Sye ten Vlchouc the Retrofit 



<1) Baec-Year Resale, Salvage, or Reuse Velue of the Existing Syete* to bo Replaced 

(2) &aae— Tear Renovetloo Coots for cho Existing Syete* if cho Retrofit Project is 
Not Xapleeeated 



$ 
9 



C. Calculating Annually Recurring Nonfuel Operation and Maintenance (04M) Coots Without 
the Retrofit 



(1) 

AaoiinC of Annually Recurring 
Coats in Base Teer 



(2) 
UrV factor 



(3) 



Present Value of Annually 
Recurring Coata 



e 

BEST COPY AVAILABLE 
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UTItO? IT UC WORKSHEETS (Coutinuad) 



D. Calculating NonanAually Racurrlng OfcH (ttonfual) Coata, Raplacovaot Coata, and Salvaga Valua Without tha 
Ratroflt* 



(1) 

YEA* nt 
WHICH 

expenditure 
zs expected 
to occur 


(2) 

AMOUNT OF NOK- 

AHWJAUT 
WCCUWINC 04H 
COSTS (IN IASE- 

TEA* $)1 


(3) 

amount of 
replacement 

costs (» 
base-year i) 1 


(4) 
AMOUNT OF 

SALVAGE 
VALUE (IN 
BASE* YEAR S) 1 


(3) 
SPV 
FACTORS 


<l} ft <»>- 

PRESENT 
VALUE OF 
NON- 

ANNUALLY 
RECURRING 
04K COSTS 


C3>^J5>- 

PRISENT 
VALUE OF 
REPLACEMENT 


PRESENT 
VALUE OF 
SALVAGE 
VALUE 












• 






































































































































































1 " 

tOTAL 


IX 















E« Calculating TLCC Without tha Retrofit 



(1) Praaant Valua of Enargy Coata : A(5) Total 

(2) Praaant Valu* of Invcataent Coata 2 B(l) or (2) 

(3) Praaant Valua of Annually Rncurring (Noniual) 04M Coaea : C(3) 

(4) Pr«.tnc Valua of Nonaomully Racurrlng (NonfuaX) 04M Coaca: D(6) Total 
(3) Praaant Valua of Replacamtot Coata ; D(7) Total 

(6) Praaant Valua of Salvaga : D(8) Total 

(7) TLCC Without tha Ratroflt: (l)+(2)+(3) + (4)+ (5)-(6) 

BEST COPY AVAILABLE 



I for axaapla. If aonannually raturring (nonfual) MM coat*, replactaant toata, or aalvaga valua occur in 1990 
and you ara uaing 1982 aa tha baa* yaar, baaa-yaar dollar* naana itatiug tha 1990 toata In 1962 dollar a, i.« if 
without futura Inflation* 
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untoerr ice uoxuKuts (ConeUuad) 

farta F thwuih J Calc^iiata TLCC vith tha tatrof it 



F. Calculating tha Fraaaot 7alua c£ Fual Coata With tha Ratrof it 




rcn 



Eucnicirr 



ANHTJAL UNITS OF 
CNESGT FURCKA31D 



(2) 
1AST-YEAR 
UfCRCT met 
fer uMrr 



1ASE-HAX 
ENERGY COSTS 



UFV* 
FACTOR 



* FRESENT VALUE 
OF ENERGY COSTS 



OIL 




C. CiiloilACiog Ia*aat»aot Coata with tha Ratroflt 

<1> EatUatad Actual Xavaacrat Coata for tha Ratroflt Frojact 

(2) Irycitaart Coat Adjuaoaaot Factor 

(3) Adjuatad Iavaatoaat Coata for tha Ratroflt Frojact : (l)x(2) 

(4) Baaa-Taar Ranovatioa Coata for tha Exlatlof tftm if tha 
Ratroflt Frojact ia Xaplaaaatad 

<3) Total Adjuatad fraaaot Falua tavattaiot Coata Attributabla 
to the Ratroflt Frojact: (3)+(4) 



BEST COPY AVAILABLE 



er|c 
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RETROFIT !£C WORKSHEETS (Continued) 



H* Calculating Annually Recurring i(Nonfuel) Operation and Maintenance (MM) Cdete With the Retrofit 



Pteaent Value of Annually 
Recurring Coats 



(0 

Aoount of Annually Recurring 
Coete la Baeo Tear 



(2) 
UPW Factor 



E« Calculating Nonanoually Recurring (Nonfuel) OtH Costs, Rsplscesenc Costs, and Salvage Value With the 
Retrofit 



(1) 

TP At TM 

ICAJV ill 

VHICH 
EXPENDITURE 
is ex peer* 0 
TO OCCUR 


(2) 

AMOlfNT OF HON- 

ANNUALLY 
RECURRING 04 M 
COSTS {IN 

TEAK J) 1 


(3) 

AMftfTNT flf 
MlUUn I WE 

REPLACEMENT 
COSTS (IK 
BA5E-YZAS %\l 


(*> 

SALVAGE 
VALUE (IN 


(5) 
FACTORS 


VALUE 0? 
HON- 

RECURRING 
04H COSTS 


(3^(5)» 

PRESENT 
VALUE OP 
IE PLACEMENT 


(4^(5)- 

VALUE 0? 

SALVAGE 
■1 f nv 






— 












































































































































TOTAL 

















J. Calculating TLCC With the Retrofit Project 



(1) 


Present 


Value 


of 


Energy Coete : F(5) Total 




(2) 


Prossnt 


Value 


of 


Adjusted Investment Costs: G(5) 




<3) 


Present 


Value 


of 


Annually Recurring (Nonfuel) 06 M Costs ; H(3) 




<*) 


Present 


Value 


of 


Nonannually Recurring (Nonfuel) 04M Costs ; 1(6) Total 




(3) 


Prossnt 


Value 


of 


Replacement Costs 1 1(7) Total 




(6) 


Present 


Value 


of 


Salvage ; 1(8) Total 


mm 


(7) 


TLCC With the 


Retrofit Project: (l) + (2) + (3) + (4 ) + (5)- (6) 


m 



o 

ERIC 



* See footnote on Part 0 ( or tsplanstlon. 



BEST COPY AVAILABLE 
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SUTKOriT IXC WOaK3HEeTS (Continued) 



%. Net Saving* or Zxceoe Coet of the Retrofit Project 



(1) ilcc without the Retrofit : E(7) * 

(2) UCC with the Retrofit ; J(7) * 

(3) Net Saving* (+) or net looses (-) . (l)-(2) " (+) * 



L. SIR Calculation 



(1) SIR Kunecator 

(a) Energy Coec Sevloge froa the Retrofit : E(l)-J(l) * - 
<b) Change in Nonfuel.OaM Coetr. [j(3)+(4)]-[E(3)+(4)) " " •« 
(c) SIR Ifcioerator : (a)-(b) " 1 - 

(2) SIR Denominator 

(e) Aajueced Differential XnveetsMCiC Cost : J(2)-E(2) •« 

(b) Change la ReplaceoecC Coete : J(5)-E(5) + * 

(c) Change la Salvage Value - J(6)~E(6) " * 

(d) SIR Denominator : (a)+(b)-(c) " * 

(3) SIR for Ranking the Retrofit Project : (1) (c)* (2) (d) 



BEST COPY AVAILABLE 



cd?/- 10-25 
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RETROFIT LCC WORKSHEETS 



Identifying Informatio n 

Building Description: 

Location ^ 

DoE Region 

Functional Use 

Building type ( ) Residential 

< ) Commercial 
( ) Industrial 

Remaining Life of Building 

Project Description 

Expected Project Life 

Length of Study Period (Not to Exceed 25 years) 



130 
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EETROFIT LCC WOEJCSHEET (Cootlnuoo) 



A. Calculotlog tho Frooont Voluo of Eoorjy Cooto Without tho Retrofit 



TTPt 


(1) 

ANNUAL UNITS Of 
ENERCT PURCHASED 


<2) 
BASE-TEAR 
ENERGY PRICE 
PER UNIT 


(DgJD- 

EASE-TEAR 
ENERCT COSTS 


<*> 

OFV* 
FACTO* 


' 0^(4)- 

r RESENT VALUE 
OF ENERGY COSTS 


electricitt 






* 




* 






BASS 
CHARGE 

S 






DEMAND 
CHARGE 

$ 




TIME Of 
DAT CHARGE 

S 




CONTRACT 
CAPACITY 
CHARGE 

• 


* 


OTHER 
CHARCE 
COM FOMENT 




OIL 












CAS 












0TO53. 












TOTAL 













I. Celculeting laveetaoot Coete for the Existing Syeteo Without tho Retrofit 



lie, S&lvege, or Rouoo 7elue of tho Existing System to bo Repleced 



<2) Seee-Yoer Renovation Coots for tho Existing Syete» if tho Retrofit Project io 
Not Iopleeented 



I 
$ 



C. CAicuIotiae Annually Recurring Noafuol Oporotloa eo4 Maintenance (OeM) Coots Without 
tho Retrofit 



O) 

Asouot of Annually Recurring 
Coots ia Rose Teer 



<2) 
VFU Factor 



UJxUJ- 

O) 

Vroooat Taluo of AnouallT 
lUcurrlog Coitt 



BEST COPY AVAILABLE 
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RITROPIT UC WORKSHEETS (Coatlnuad) 



D. Calculating Nonaamially Racurrlng OAM (Nonfual) Coata, Raplacaaaat Coata, tad Salvage Valua VlchouC Cha 
Rat rod t. 



(1) 

TZAR IN 

micx 

EXPENDITURE 
IS EXPECT7.D 
TO OCCUR 


(2) 

AMOUNT OF HOH- 

AKKUALLT 
RECCURRIKG 04M 
COSTS (IN lASE- 

TZAR $)* 


(3) 
AMOUNT Of 

replacement 

COSTS (IN 
BASE-YEAR $>* 


<o 

AMOUNT OF 

SALVACE 
VALUE (IN 
EASE-YEAR 9)* 


<3) 

srv 

FACTORS 


(2)x(5)» 
(6) 

PRESENT 
VALUE or 

•VON- 

ANNUA LLT 
EZCURRXNC 
MM COSTS 


PRESENT 
VALUE or 
EE PLACEMENT 


<•> 
PRESENT 

value or 

SALVAGE 
VALUE 
















































































































■ 


































































TOTAL 

















E. Calculating TLCC Without tha Ratxof it 

(1) Fraaant Valua of Ecargjp Coata ; A(5) Total 

(2) Fraaanc Valua of Xn*cat*«nt Coata • B(l) or (2) + 

(3) Frtaaut Valua of Annually Rtcurrlog (Nonfual) 04M Coata : C(3) + 

(4) Freaaat Valua of Nonaunually Racurrlng (Nonfual) OAM Coata: D(6) Total + 
(3) Fraaaot Valua of Raplacaimat Coata : D(7) Total + 

(6) Fraaant Valua of Salvaga : D(8) Total 

(7) TLCC Without th« lUtreflt: (l)+(2)+(3)+(4)+(5)-(6) 

BEST COPY AVAILABLE 




1 Par aaaapla. if aonannually racurrlng (oonfual) MM coot*, raplacaaant coata, or aalvaga valua occur in 1990 
•ad you ara ualng 1962 aa tha baaa yaar, fcaaa-yaar dollara aaana atatiog tha 1190 coata tn 19«2 dollara, i.a. # 
without futura Inflation* in on 
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UTROfXT LCC WOJOSHEitS (Continued) 

Farta T through J Caicuiata TWC irlth tha *atrof it 



?. Calculating tha fraaaat 7ilua of fuol Cost* With tho Ratrof It 




C. Calculating Invoataaot Coata vith tha latrof It 

_ 

(1) EstUatad Actual Xovaacaaot Coata foe tha Ratrof it Projtct 

(2) Invaacawnt Coat Adjuataatot Factor 

(3) Adju»t«d XavaattMOt Coata for tha Ratrof it Projact : (l)x(2) 

(4) Baaa-Taar Rtnovatloo Coata for tha Zxlatlag S/ataa if tha 
Retrofit Projaec la laplaaeatail 

<3) Total Adjuatad frtaaot Talua Iwaataant Coata Attributable 
to the Ratrof it frojact: (3)+ (4) 



BEST COPY AVAILABLE 



RETROFIT ICC WORXSKEETS (Cantlnuad) 



Calculating Annually Racuerlng (Nonfual) Oparatloa and KalaCanaaea (04M) Coata With tha Ratroflt 



Aaount of Annually Racurrlog 
Coata 1b laaa Taar 



(2) 
UPV Factor 



— v 

Fraaaat falua of Annually 
Racurrlog CoaCa 



9 



X* Calculating Nonannually Racurrlog (Honfual) OaH Coata, Raplacaaane Coata, aod Salvtga falua Ultn tna 
Ratroflt 



(I) 

TZAR IN 
WHICH 
EXPENDITURE 
X5 RXPSC72D 
TO OCCUR 


(2) 

AMOUNT OF- MO*- , 

ANNUALLY 
RECURRING 04M 
COSTS (IN BASE- 

TEAR $) A 


O) 
AMOUNT OF 
REPLACEMENT 
COSTS (IN 
BASE* {EAR $)l 


<♦> 
AMOUNT OF 

SALVAGE 
FALSE (XM 
BASE-TZAR $) 1 


(3) 
SW 
FACTORS 


PRESENT 
VALUE OF 
NON- 
ANNUALLT 
RECURRING 
04K COSTS 


PUSENT 
VALUE OF 
REPLACEMENT 


PUSENT 

▼ALU! OF 
SALVAGE 
VALUE 




j 














































































































































TOTAL 

















J. Calculating TLCC With tha Ratroflt Projact 



(l) 


Preaant 


Valua 


<2> 


Preaant 


Valua 


(3) 


Praeenc 


Valua 


(*) 


Pieeent 


Valua 


(3) 


Proeent 


Valua 


(6) 


Preaant 


Valua 


(7) 


TLCC With tha 



G(5) 



♦ 



eric 



1 Saa footnota an Part D (or eiplenatlon. 10-30 
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BEST COP T AVA I LABLE 



UTKOflT tCC VOJUCSKTETS (Cootlnuad) 



IU Dat Savings or txcaaa Coat of tha Ratrofle frojact 



(1) TLCC without tha Katrofie : E(7) 

(2) TtCC with tha Xerotic : J (7) . 

(3) Nat Savings <♦) or not loaaaa <-> ; (l)-(2) 

t. Sift Calculation 

(1) SIX Jhmarator 

(a) Enargy Coat Savlogi froa tho Ratrofilt : E(l)-J(l) 
^ <b) Changa iaHoofual.OMiCoata- [JC3)+C4)]-[E(3)+(A)] 

<c) SIH Huoaraeor 2 <a)-(b) 

(2) SIX Daooninator 

(a) MJuatad WfftraaCiai lavaseoaat Coat : J(2)-E(2) 

(b) Chango 1ft RaplacaaaaC Coata ; J(5)-E(5) 

(c) Changa la Salvaga Valva ; 

(d) SIR Dtaomlnicor '■ 

(3) SIR iov Ranking th« Rttrofit Frojact : (1) (c)-f (2) (d) 



$ , 
I 

- (+) $ 



*. 

I. 
*, 
I, 
I 



BEST COPY AVAILABLE 



ERIC 
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RETROFIT LCC WORKSHEETS 



Building Description: 

Location 

DoE Region 

Functional Use 



Building type ( ) Residential 

( ) Commercial 
( ) Industrial 

Remaining Life of Building 



Project Description 
Expected Project Life 



Length of Study Period (Not to Exceed. 25 years) 



Identifying Informatio n 

* 



f 



10-32 
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imofXT IjCC WORKSHEET (Cootimaod) 



U ColcuLtiog tho frooont Toluo of EoorfT Cooto Without tho Retrofit 




t. Calculating tovostaeot Cooto for tho Eslftia* SyotM Without the Retrofit 



(1) Booo 



-Y«or UiiU, Solvogo, or Valuo of tho Existing tyoto* to bo RtpUcod $ 

* / 

(2) Booe-T«*r Rooo**tioo Coots fot the Existing Sjotm if the Retrofit Frojoct is f 
Hot Irpioeooto* 



C. OdcuUtioe Aanuoliy Rocurriog Noafuoi Oporotxon too ^iowoi (OttO Cooto Without 
tl* Rocrofit 



(1) 

Aaotiat of Annually Rocurring 
Costs io U*r Yoor 



a) x 127 s 

<3) 

Frssoat Valus of Annually 
Rscurrlog Coots 



BEST COPY AVAILABLE 



9 

ERIC 



retrotit lcc worksheets (Continue*) 



D. Calculating Honaoaually Recurring 0*H (Nonfuei) Coata, Rtplexeaant Coati, end Salvige Value Without tha 
Ratrofit* I 



(1) 

TEAR IN 
WHICH 
RXrEMDITURE 
IS ItflCttD 
TO OCCUR 


(J) 

AMOUNT Of WOK- 

ANNUALLY 
RECCURRING OM 
COSTS (IN BASE-* 

TEAR $)1 


(3) 
AMOUNT Of 
REFINEMENT 
COSTS (IN 
IASE-YEAR $)- 


(4) 
AMOUNT Of 

SALVAGE 
VALUE (IN 
BASE-YEA* S) 1 


V 

(3) 
srw 

FACTORS 

• 


FUSENT 
VALUE or 
NON- 
ANKUALLT 
RECURRING 
OtK COSTS 


PRESENT 

VALirc or 

REFUCEMENT 


(8) 
PRESENT 

value or ^ 

SALVAGE 
VALUE 
































- 
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TOTAL 

















E. Calculatlnf TLCC Without the Ratrofit 

(1) freeant Velua of Energy Coata : A(5) Total 

(2) fteaeat Vtlu* of Inveetaeat Coita : B(l)or(2) ♦ 

(3) Preeent Vtlue of Annually Recurring (NonfuaL) 06M Coita : C(3) ♦ 

(4) Freetnt Vtlua of Noneunuelly Recurring (Nonfual) 06M Coete: D(6) total + 

(5) Preeent Value of Replacenent Coata ; D(7) Total ♦ 
(a) treeent Velua of Salvaga : D(8) Total 

(7) TLCC Without tha Ratrofit: (l)+(2)+(3) + (4)+(5)-(6) 

BEST COPY AVAILABLE 



a 

ERIC 



1 Tor exaaple, if eonanmielly recurring (nonfual) 04 M coetf t fepleceaenc coete, or eelvege value occur in 1990 
end 70U era uelng 1962 ea tha baae yeer. beee-yaar tfollere aeane etatlog the 1990 coate la 1962 dollare, i.e., 
without future inflation* 10-34 
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UTHOFtr UCC VOWCSHMTS <Contlauad) 

Fares F through J Calculate TLCC ulth tha ftatroflt 



?. Calculating tha Freasat Valua of Fual Coats With the letreflt 



Tttt 


0> 

ANNUAL UNITS OF 
ENUCT PURCHASED 


<2) 

turner prick 

PER UNIT 


(i)x(2)» r 

6) 

BASE-TEAR 
EKTRCT COSTS 


(A) 

urv* 

FACTOR 


(3)x(4)- 

PRESENT VALUE 
OF ENERGT CuSk3 


9 t im tc ITT 






s 










BASE 
CHAIC3 

1 












DEMAND 
CAAJU3 








r 








* 








TBS or 
Ott CKABC1 

1 










CONTRACT 
CAFACITT 
CHARGE • 

9 












OTHER 

CHAINS 

CGKVOMDII 




• 


OIL 












GAS 












UIHUL 












TOTAL 













C. Calculating XnvtttMQt Coata with tha Ratroflt 



(1) EatlMtaa 1 Actual ItvraaCaffttt Caata for tha Ratroflt Frojacc 

(2) Invaataent Coat AdJuaOrafc Factor 

O) Adjusted Iareetaaot Coata for the Ratroflt Frojact : (l)x(2) 

(4) Base-Tear Renovatloa Coata for tha fcdetla* S/etea If tha 
Retro/it Frojact la Iaplaaaatad 

<3) Total MJuatad Preeeet talua TmeCaent Coata Attrlbutabla 
to the Ratroflt Frojact: (3)+(4) 



BEST COPY AVAILABLE 



O 10-35 
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RETROFIT LCC WORKSHEETS (Continual) 



H. Calculating Annually Racurring (Nonfual) Oparatloa and Kalotaoaaca <0*M) Coata With tha Ratrofle 



(!) 

Aaouoc of Annually Racurring 
Coaca la laaa Taar 



(2) 
0FV Factor 



m^r- 

Fraaaat Valua of Annually 
Kacurrlog Coaca 



I. Calculating Nooannuailr Racurring (Nonfual) OaM Coata, Raplaci 
iatroflt 



•oc Coats, and Salvaga falua With tha 



(l) 

TEAK Uf 
VKZOl 
EXPEND IT ORE 

13 LArCwTCD 
TO OCCUR 


(2) 

AnOUlfT 07 KOSr* 

ANNBALLX 
RECURRING OftM 

M|f( /Til lilt 

COSTS \ IN BASE— 
TEAR. $)* 


(3) 
AMOUNT OP 
REPUCEKENr 
COSTS (IK 

M a aat^at |m ■ k m %. ■ 

IASE-TEAR S) 1 


(4) 
AMOUNT OP 

SALVAGE 
▼ALOE (Df 
EASE-TEAR |)1 


(3) 

spw" 

FACTORS 


PRESENT 
VALUE OP 
WON- 

AKNUALLT 
RECURRING 
04K COSTS 


rusevr 

7 ALOE OF 

upiAORflorr 


' PRESENT 
VALUE OP 
SALVAGE 
VALUE 




































• 














































































































TOTAL 












1 




— ^ ■■ 







J* Calculating TLCC With tha Ratrofle Projact 



(1) 


Praaaot Valua 


(2) 


ftcaaot Valua 


(3> 


Praaaot Valua 


«) 


Praaaot Valua 


<3) 


Praaaot Valua 


<«) 




<7) 


TLCC With tha 



of Salraga : i(8) Total 
<7) TUC With tha Katroflt Proj.ct: <l)+(2)+(3)+(4)+(5)-(6) 



ERIC 



I laa footnota on Part D f« r M »Unatloti. 
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B E ST COPY AMILA B lb 



gETROrlT '■ WORKSKMTS (Continual) 

K. Met Savlnge or t*ceao Coat of the Retrofit rtojecf 



(1) TtCC without the Retrofit : E(7) 

(2) TXCC with the Retrofit ; J (7) 

(3) Net Saving* (+) or aat loaaee (-) : (l)-(2) 

L. Sti Calculation 

(1) SIX Nunerator 

(a) Energy Coat Savlaga ftoa tne Retrofit : E(l)-J(l) 
<b) Chenga la Nonfuel. 04M Coats* [ JC3)+C4)]-[E(3)+C4) ] 
(e) SIR Huoerator : (a)-(j) 
<2) SQt Deoooieetor 

(a) Adjusted Differential Xnvestnent Coat : J(2)-E(2) 

(b) Changa In Repleceaeat Coota • JC5)-E(5) 
<c) Changa lo Salvage Value : J(6)-E(6) 
<d) SIR Denominator : (a)+(b)-(c) 

(3)^ SIR for Ranking tha Retrofit Project : (1) (c)-r(2) (d) 



- (+) 



$ 
$ 
I 



BEST COPY AVAILABLE 
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PROJECT SELECTION 



Priority Project Net 

Ranking Project Cost SIR Savings 



Totals N.A. 



9 

ERIC 
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NEW BUILDING DESIGN LCC WORKSHEETS 



Identifying Information 

Building Description: 

Location m . 

DoE Region . 

Functioaal Use — 

Building type ( ) Residential 
( ) Commercial 
( ) Industrial 

Project Description ; 

Expected Project Life 

Length of Study Period (Not to Exceed 25 years) _ 
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NEW BUILDING DESIGN LCC WORKSHEETS (Concinu.d) 



A. Calculating cha Praaant Valua of Enarg? Coat* 



TYPE 


(I) 

ANNUAL UNITS OF 
ENERGY fUnrVSID 


(2) 
USE-TEAR 
ENERGY PRICE 
m ON IT 


(3) 
1ASE-YEAR 

ENERCr costs 


(4) 

OPV* 
FACTOR 


CM 

PRESENT VALUE 
OP ENERGY COST 


ELECTRIC ITT 






$ 




i 






BASE 

CHARUE 

$1 


t' 

* 


$ 


DEMAND 
CHARGE 

A 




TIME 07 
DAT CHARGE 

$ 


• 


contract 
capacitt 

CHARGE 

I 




OTHER 

CHARGE 

COMPONENT 




OIL 












CAS 












OTHER 












TOTAL 













p 



1. CalcuUdnf Inv«»to«nt Co*t» for tho Now lulldlnf Dt»lgn 



(1) Eotlooiod AccuaI XnvootMtic Cooto for tho Nov lulldlag Dtolgo $ 

(2) Invootnonc r-oc Adjuoeoonc Factor x 

(3) Adjuttod T uocoonc Cooto for tht RoCroflc Project; (l)x(2) • 



BEST COPY AVAILABLE 
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WM lOXLOXliC DMIGH LCC WORKSHEETS (Continuad) 




Aaount of Annually Racurrlng 
Costa In Baaa taar 



(2) 
UPW Factor 



Praaant Valua of Annually 
Racurrlng CoaCa 



0. Cl.«Uti«I Non.nnu.lly Ucutrln, (Wonfu.l) *M Co.t.. *.pl.c.«.nt Cu.C. .nd S.lv.g* »1» 




E. Calculating tha TLCC 



(1) Prasant Valua Enargy Cuata : A(5) Total 

(2) Praaant Valua Adjuatad Inva»ta*nt Coata; B(3) 

(3) rraaant Valua of Annually Itacucrlng (Monfual) 04M Coata : C(3) 

(4) Praaant Valua of Honannually Mcurrlng (Monfual) OM Coata; D(6) 

(5) Praaant Valua of taplacamant Coata : D(7) 

(6) Praaant Valua of Salvaga : 

(7) TLCC of eh. Now Building or Syat.u Design: (l)+(2)+(3)+(4)+<5)-(6) 



I . 
$. 
$ . 
I. 
$ . 
$ , 
9 



BEST COPY AVAILABLE 



1 s ^^^^^^rt^^px^: wis tfM&sr 

I.e., without fueur. Infl.tlon. 
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Section 11 
Problem Set A 

This flection contain, flinple di.counting problems and simple building and 
energy conservation problems arranged in the following order: 

(1) 6 Problems: Discounting and LCC Analysis Using Discount Factor 
Tables 

(2) Programmable Time Clock Problem 

(3) New Building Design Problem 



Solutions to these problems are provided at the end of the section. 



t 



Problem Set A 



6 Problems: Discounting and LCC Analysis Using Discount Factor Tables 
(These are hypothetical examples intended only to illustrate the techniques.] 

*' oJf C niS th * eStl ated P re,ent value today t<> the Federal Government of a 
510,000 cost to be incurred five years from now in conjunction with an 
energy conservation project? What is the equivalent annual value? 



2. What is the estimated present value today to the Federal Government of 
a uniform annual cost of $1,000 (in constant dollars) that recurs over 
the next 20 years? (The cost stems from a renewable energy project). 
What is the equivalent annual value? 

3. What is the estimated present value today of electricity costs for 
powering a motor in a Washington, D.C. Faderal office building over the 
next 15 years, given that today's price of electricity is 6* per kWh, and 
the annual energy consumption is 8,000 kWh? What is the equivalent . 
annual value? 

A. What is the estimated present value of a reduction of 10,000 gsllons/ 
year in distillate fuel oil consumption for heating a Federal office 
building in Boston, given that the current price per gallon is $1.30, 
and the savings are expected to continue over the remaining life of 
the building, estimated at 50 years? What is the equivalent annual 
cost? 

5. What is the DoE-proJected average U.S. price per cubic foot of natural 
gas fox commercial-type use in mid-1983? 

6. What is the total present value cost over its useful life of purchasing, 
installing, operating, maintaining, and, finaJly, disposing of a heat 
pump for a house on a military base in Washington, D.C. given the 
following assumptions: * 

o Initial purchase and installation cost - $1,500 

o Annual maintenance cost, constant $ - $50 

o Compressor replacement in year 8, constant $ - $400 

o Salvage value (net of disposal costs) at end of life - $250 

o Useful life * 15 years 

o Annual electricity costs, valued at the beginning of the study 
period - $800 
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P roblem Set A . 

Programmable Time Clock Problem 



(Note: This is a hypothetical example Intended only to Illustrate the 
technique.] 

Problem Statement : An energy-conserving retrofit is being considered for the 
Federal office and courthouse building in Houston, Texas (DoE Region 6). The 
remaining life of the building is expected to be 20 years or more. 

At present, the building has a mechanical time clock that turns building HVAC 
equipment on and off. This clock runs all HVAC equipment during overtime — ' 
hours. A programmable time clock could reduce after-hours equipment usage by 
turning on only needed HVAC equipment. It is estimated that the programmable J 
clock would reduce by 80 percent the current after-hours electricity 
consumption of 323,220 kWh per annum. 

The price of electricity to the agency is $0.0373 per kWh. The programmable 
clock would last for 20 years end cost $9,000 to purchase and install. There 
are no other sizable costs or salvage values associated with either clock. 



Determine: Is the proposed time clock retrofit cost effective? 



* 

I 
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Problem Set A 



New .Building Design Problem 



(Note: ^" n J" u ^ hypothetical example intended only to illustrate the 

Iran'alternat^e 'to^ ""^J 0 ""™*"* WMlUg design is being considered 
EftXiS JTSSn « conventional building design for a Federal office 
^rn^L^, Madi T , , Wl8C ° n8in (D0E Region 5 >' The two design, are 
flllltT* iLf qUiValent /? t0tal * 88 *«™He and auxiliary spaces and in 
functional performance with respect to the purpose of thi building! Each has 

Sse EfcThas Hi 8 " «" ^ ° ffice floo V a mechani^ 

house. Each has a floor area of approximately 176,000 ft 2 (gross), 

^LntatJon ig L d U f f h 6 M thm Cnvelo P e » bulldi "« configuration, 
orientation, and lighting systems. The energy-conserving desiirn is allVhtlv 

solar radiation. The window area of the energy-conservine desian is 25 

lllZlil a! [tn T ° f that 18 ? " C8ted ° n sJde in the 

™rf "nJ ?n» rl« ^ • " 18 40 Percent. More massive^xterior surfaces are 
.1a\Z? inflation is increased, reducing the wall U value from 0.16 to O.oV 
and the roof U yalue from 0.15 to 0.06. Horizontal window fins reduce the 
EE'fSS of I?* ° £ ~1T-ca M .rving design. The nor™ waU of the 
Hit ill? a f the energy-conserving design is earth bemed. It is assumed 
for nro «cMni g H?ff U J 6 ?" 25 years ' and ' for of a good basis 

^av e P no j ^W. f erenCe8 /? th6lr 8alVflge Value8 ' ^ « e both assumed to 
have no salvage value remaining at the end of the 25-year study period. 

Following is a listing. of the- major relevant costs for each design: 



(a) Site acquisition costs: (To 
ensure adequate exposure of 
south-facing windows, an 
additional acquistion cost of 
$100,000 is necessary for the 
energy-conserving design. 
Other site costs are assumed 
to be identical for both 
designs, and hence are not 
shown.) 

(b) Architectural and Engineering 
Design Fees and Construction 
Costs: 

(c) Annual Energy Consumption: 

Naturnl Gas 
Electricity 



Energy-Conserving 
Design 

$100,000 



Conventional 
Design 



$9,780,000 



$9,130,000 



2,290 x loVu 
3,866 x 10 6 Btu 



4,980 x lO^Btu 
7,277 x 10 6 Btu 
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New Building Design Problem, Continued 

S ' . 



(d) DoE Energy Prices: 

Natural Gas 
Electricity 

(e) Nonfuel O&M Costs: 

Recurring Annual Cost: 

Repairs to External Surfaces 
Every 10 Years: 



Energy-Conserving 
Design 



$ 3.84/lOjBtu 
15.67/10 b Btu 



$70,000 
$60,000 



Conventional 
Design 



$ 3.84/10j>Btu 
15.67/10 6 Btu 



$90,000 
$100,000 ^ 



Which design has the lowest life-cycle cost? 



ERIC 
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6 Problems: Solution 



1. 



2. 



3. 



4. 



P 
A 

P 
A 

P 
A 

P 
A 



$7,130 
$1,739 

$10,590 
$1 ,000 

$5,314 
$583 

$231,010 
$19,821 



5. Mid-1983 - $0.O04/ft3 (1 + .0885)2 - $0.0C47/ft3 

6. LCC - $10,954 
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Programmable Time Clock: Solution 

Schedule A - Electricity: (1) 323220kWh; (2) $0.0373/kWh; (3) $12056.11; 

(4) 12.92; (5) $155765; Total $155765. 



Schedule 


B — 


0 




Schedule 


C — 


0 




vJl_ IICUU ft t- 


D — 


0 




QrhpHu 1 e 


E — 


(1) 


$155765; (2)-(6) 0; (7) $155765. 


ocneaui c 


F — 


\ * / 


64644kWh (323220 x 0.2 - 64644); (2) $0.0373/kWh; 






(3) 


$2411.22; (4) 12.92; (5) $31153; Total $31153. 


Schedule 


G — 


en 


$9000; (2) 0.9 (1 -0.1 ■ o.y;; (3) ?oiuu, u, 






(5) 


$8100. 


Schedule 


li — 


0 




Schedule 


I — 


0 




Schedule 


J — 


(1) 


$31153; (2) $8100; (3)-(6) 0; (7) $39253. 


Schedule 


K — 


(1) 


$155765; (2) $39253; (3) $116512. 


\ 

Schedule 


L — 


(1) 


(a) $124612; (b) 0; (c) $124612; (2) (a) $8100; (b) 






(d) 


$8100; (3) 15.38. 



\ 

\ 



\ ■ 
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New Building Design Problem: Solution 
Electricity: (1) 3,866 x 10 6 Btu (7,277 x 10 6 Btu); 

(2) $15.67/10° Btu; (3) $60,530.22 ($1H,030.59); (4) 14.23; 

(5) $862,057 ($1,622,655). 

Gas: (1) 2,290 x 10 6 Btu; (4,980 x 10 6 Btu); (2) $3.84/10 6 Btu 

(3) $8,793.60 ($19,123.20); (4) 18.68; (5) $164,264 ($357,221). 

Totals: $1,026,321 ($1,979,876) 

(1) $9,880,000 ($9,130,000); (2) 0.9; (3) $8,892,000 
($8,217,000). 

(1) $70,000 ($90,000); (2) 11.65; (3) $815,500 ($1,048,500). 

For 10 years: (2) $60,000 ($100,000); (5) 0.51; (6) $30,600 
($51,000). For 20 years: (2) $60,000 ($100,000); (5) 0.26; 

(6) . $15, 600 ($26,000). 

Totals: (6) 46,200 ($77,000) 

(1) $1,026,321 ($1,979,876); (2) $3,892,000 ($8,217,000); 
(3) $815,500 ($1,048,500); (4) $46,200 ($77,000); (5)-(6), 0; 

(7) $10,780,021 ($11,322,376). 
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Section 12 



Problem Set B 



This section contains more comprehensive building investment problems, 
presented as follows: 

(1) Water Conservation Problem 

(2) Team Problem— Planning an Energy Conservation Package 

(3) Computer Room Waste Heat Recovery Problem 

Solutions to these problems are provided at the end of this section. 
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Problem Set B 



Water Conservation Problem 

[Note: This is a hypothetical example intended only to illustrate the 
technique. ] 

Problem Statement ; A Federal office and courthouse building is part of the 
Oklahoma City Federal Complex in Oklahoma City, Oklahoma. It is expected to 
be continued in use indefinitely* An energy-conserving retrofit has been 
proposed* 

Data and Assumptions ; Currently, water consumption of the 8 showers and 105 
faucets in the building totals 28,056 gallons per month* It is estimated 
that by installing flow restricting shower head 8 and faucet aerators on these 
fixtures, water consumption would decrease by 30 percent* In addition!, these 
devices would reduce the quantity of steam required for heating water ,1 since 
less would be heated* It is estimated that steam consumption of the fixtures 
would be lowered from 60,583 to 42,408 pounds per year, and the maximun) hourly 
consumption rate of 20*2 pounds per hour would be reduced to 14*2 pounds per 
hour* \ 

The local water utility charges the agency $0*65 per 1000 gallons of 
consumption. The purchased steam (produced from natural gas) has two separate 
charge components: (1) $0*0049 per pound of consumption, and (2) a monthly 
charge of $0*09 per pound per hour for the maximum hourly consumption rate* 
The flow restricting shower head 8 would cost $7*00 each, and the faucet 
aerators $1*14 each* It Is assumed that there are no other significant costs 
or salvage values associated with these devices* Both devices are expected to 
last for 5 years* 

There is a limited sum of $10,000 that has been budgeted for the retrofit of 
the building* Other retrofit project opportunities are as follows: 

(1) A group of small projects, R, S, T, and U, costing a total of $2,000 
and saving a total of $10,000 in present value dollars* 

(2) Project V, having a first cost of $1,600 and a total present value 
saving of $12,000* 

(J) Project W, having a first cost of $10,000 and a total present value 
saving of $80,000. 

(4) Project X, having a first cost of $2,000 and a total present value 
saving of $25,000. 

(5) Project Y, having a first cost of $3,000 and a total present value 
saving of $36,000* 

(6) Project Z, having a first cost of $1,000 and a total present value 
saving of $9,000. 

(Note: Assume 10% adjustment factor to investment costs does not apply to 
projects R-Z.) 



Determine: 



Is the proposed water conservation retrofit cost effective? Do 
you recommend that the water conservation project be included in 
the projects funded by the $10,000 budget? 
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Problem Set B 



Team Problem— Planning an Energy Conservation Package 

\ 

\ 

(Note: This is a hypothetical example intended only to illustrate the 
technique.] 

Problem Statement : Plan an energy conservation package for military base 
housing that will maximize net savings, given the following conditions and 
candidate retrofit projects. The housing is located in Washington, D.C. Its 
remaining life is expected to be 15 years. The agency has a limited budget of 
$2,000 to spend on each house. 

Each house has been weathers tripped and caulked. It has R-ll insulation in 
the attic, as well as all the insulation that can be accommodated in the 
floors and walls without making major structural modifications. A jacket has 
been added to the domestic water heater, and thermal draperies have been added 
to the windows. 

Each house is currently heated by an electric resistance system that is in 
good condition and could reasonably be expected to last over the remaining 15 
year life of the house with only negligible maintenance and repair. The 
efficiency of the system is assumed to be 100 percent. The annual space 
heating load is 100 x 10 6 Btu per house. The base now pays $16.89 per/ 10°Btu 
($0.06 per kWh) of electricity. The annual domestic hot water load is 22 x 
10 6 Btu per house. , Hot water is currently supplied by an electric water heater 
that is expected to last over the remaining 15 year life of the house with 
only negligible maintenance and repair. The efficiency of the existing hot 
water system is assumed to be 100 percent. 

The following options are being considered for retrofit to each house: 

(A) Addition of a solar domestic water heater. The system that has been 
recommended as reliable and sufficiently durable to last the 15 years 
without major maintenance or repair costs $1,600, and is expected to meet 
80 percent of the annual hot water load. No net salvage value is 
expected. 

(B) Replacement of the existing electric resistance space heating system with 
a higher efficiency (1.8 COP) heat pump. The replacement of the 
existing system with the heat pump will cost $1,700. No net salvage 
value is expected from disposal of the existing system. The heat pump is 
expected to have about fhe same maintenance and repair costs and life 
expectancy as the existing system. 

(C) Addition of attic insulation to raise the current resistance (R) level 
from R-ll to R-19. The insulation will cost $300 to purchase and install 
and is expected to reduce the energy consumption for space heating by 5 
percent. 

(D) Replacement of incandescent lighting with fluorescent lighting. The 
fluorescent lighting will cost $300 to purchase and install and is 
expected to reduc / 60 percent the 2000 kWh annual consumption rate of 
the existing lighting. Over the 15 year project life, the economic 
effects of the longer lives of the fluorescent tubes and their 

higher replacement coats are expected to be offsetting. There are 
assumed to be no salvage values associated with either the incandescent 
or fluorescent lighting. 
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Problem Set B 



Computer Room Waste Heat Recovery Problem 
[Note: This it a hypothetical example intended only to Illustrate the 
evaluation technique.] 

Problem Statement ; Would you recommend the following retrofit project for a 
Federal office building in Washington, D.C. (DoE Region 3)? The proposed 
project is to install a heat exchanger (with necessary piping and valves) for 
recovery of heat from waste condenser water from a computer room chiller for 
the purpose of preheating domestic hot water for the building. 



Data and Assumptions: 

(1) Condenser water at 95°F is currently delivered from the computer room 
water chiller to the cooling tower for dissipation of the thermal energy to 
the atmosphere, 

(2) Purchased steam at $9.00 per thousand lbs (Mlb) is currently used to heat 
domestic hot w?ter for the office building. The energy content of the steam 
is 1.05 x 10 6 Btu/Mlb. The supplier of the steam uses coal to generate the 
steam with a plant efficiency of 65%. 

(3) Domestic hot water consumption averages 1 gallon per person per day (GPD). 
The building is occupied 252 days per year and daily occupancy averages 3,000 
people (P). The water intake temperature averages 60°F and the supply 
temperature is 120°F. 

(4) Passing the 60°F domestic water supply through a heat exchanger through 
which the 95°F waste condenser water is routed will preheat it to 80°F. . 

(5) The installed cost of the heat exchanger (including all piping and 
insulation and values) is estimated at between $6,000 and $7,000, depending on 
potential problems that may be encountered in installation. 

(6) Maintenance cost on the heat recovery systenf is estimated at $200 per 
year. 

(7) A replacement cost of $500 for retubing the heat exchanger is expected at 
the end of 15 years. 

(8) With proper maintenance and periodic replacements, the system is expected 
to last at least 25 years. 



Note: Annual Energy Consumptlpn (Mlbs. of steam) - {GPD x P x Dy/Yr x 
8.34 lb/G x AT] + 1.05 x lO&Btu/Mlb. ^ 

Determine: 



(A) Net present value savings. 



ERIC 



(B) SIR for ranking this project relative to other projects. 
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(C) The break-even purchase and installation price of the heat exchanger. 



r 
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Water Conservation Problem: Solution 
Schedule A ~ Steam from Gas: (1) 605831b; (2) $0.0049/lb; (3) $296.86 

(base), $21.82 (demand); (4) 5.18; (5) $1538 (base), $113 

(demand); Total $1651 
Schedule B — 0 



Schedule C — 



Schedule D — 



Schedule E — 



Schedule F — 



Schedule G — 



Schedule H — 



Schedule I — 



Schedule J — 



Schedule K — 



Schedule L — 



(1) $218.84; (2) 4.10; (3) $897 
0 

(1) $1651; (2) 0; (3) $897; (4)-(6) 0; (7) $2548 
(1) 424081b; (2) $0.0049/lb; (3) $207.80 (base), $15.34 
(demand); (4) 5.18; (5) $1076 (base), $79 (demand); (6) $1*55 
(1) $175.70 I($7.00/showhd. x 8 show) + ($1. 14/aerator x 105 
faucets) % $175.70] ; (2) 0.9; (3) $158; (4) 0; (5) $158 
(1) $153.19 [28056G/mo x 0.7 x 12mo x $0.65/)000G - 
$153.19; (2) 4.10; (3) $628 
0 

(1) $1155; (2) $158; (3) $628; (4)-(6) 0; (7) $1941 
(1) $2548; (2) $1941; (3) $607 f 
(1) (a) $496; (b) -$269; (c) $765; (2) (a) $158; (b) 0; 
(c) 0; (d) $158; (3) 4.84 
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PROJECT SELECTION - LIMITED BUDGET 



PROJECTS 


SIR 


RANKING 
NO BUDGET 
CONSTRAINT 


FIRST 
COST 

($) 


NET 
SAVINGS 
($) 


Water-saving 






176 


607 


davicas 


4.84 


(7) 


R,S,T,U 


5.0 


<«> 


2,000 


8,000 


V 


7.5 


(5) 


1,600 


10,400 


W 


8.0 


(4) 


10,000 


70,000 


X 


12.5 


(D 


2,000 


23,000 


Y 


12.0 


(2) 


3,000 


33,000 


Z 


9.0 


(3) 


1,000 


8,000 



OPTIONS Projact W AH projact axcapt W 

WITHIN First coat « $10,000 or First cost « $9,776 
BUDGET: NS « $70,000 NS « $83,007 



\ 
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Team Problem — Planning an Energy Conservation Package: Solution 
Install Solar Domestic Water Heater: 



Schedule 


A 


— 


(1) 


22mraBtu; (2) $16.89/mmBtu; (30 $371.58; (4) 


11.07; 








(5) 


$4113; Total $4113 




Schedule 


B 


— 


0 






Schedule 


_C 


— 


0 






Schedule 


_D 


— 


0 






Schedule 


E 


— 


(1) 


$4113; (2)-(6) 0; (7) $4113 




Schedule 


F 


— 


(1) 


4.4mmBtu; (2) $16.89/mmBtu; (3) $74.32; (4) 


11.07; 








(5) 


$823; Total $823 




Schedule 


G 


— 


(1) 


$1600; (2) 0.9 (1.0 - 0.1 - 0.9); (3) $1440; 


(4) 0; 








(5) 


$1440 




Schedule 


_H 




0 






Schedule 


I 




0 






Schedule 


J 




(1) 


$823; (2) $1440; (3)-(6) 0; (7) $2263 




Schedule 


K 




(1) 


$4113; (2) $2263; (3) $1850 




Schedule 


L 




(1) 


(a) $3290; (b) 0; (c) $3290; (2) (a) $1440; 


(b)-(c) 








(d) 


$1440; (3) 2.28 ' 





Install Heat Pump: % 

Schedule A — (1) lOOramBtu; (2) $16.89/mmBtu; (3) $1689; (4) 11.07; 
(5) $18697 

\ 

jLchedule_JS — 0 \ 
Sche dule C ~ 0 

Schedule I) — 0 

Schedule E — (1) $18697; (2)-(6) 0; (7) $18697 \ 
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Schedule F - (1) 55.56moBtu; (2) $16.89/mmBtu; (3) $938.41; (4) 11.07; 



• 






* 

$imftfi- Total S10388 


• 




Schedule 




1 1 \ 


*i7nn* IT\ 0 9 fl.O - 0.1 ■ 0.9); 


(3) $1530; 


(4) 0; 






(5) 


$13 JU 






Schedule 


U — 

n — ™ 










Schedule 


i — 


0 








Schedule 


j — 


(1) 


$10388; (2) $1530; (3)-(6) 0; (7) 


^ 1 1A10 

$11918 




Schedule 


K — 


(1) 


$18697; (2) $11918; (3) $6779 






Schedule 


L — 


(1) 


(a) $8309; (b) 0; (c) $8309; (2) 


(a) $1530; 


(b)-(c) 






(d) 


$1530; ,(3) 5.43 












1 






Add R-ll 


to R 


-19 


Insulation: 







Schedule A — (1) lOOmmBtu; [55.56mmBtu] ; (2) $16.89/mmBtu; (3) $1689 

/ 

[$938.41]; (4) 11.07; (5) $18697 [$10388]; Total $18697 
($10388] j 



Schedule B — 0 1 
Schedule C — 0 ! 
Schedule D — 0 1 

Schedule E - (1) $18697 [$10388];, (2)-(6) 0; (3) $18697 [$10388] 
Schedule f — (1) 95mmBtu [52. 78mmBtu ] ; (2) $16.89/mmB£u; (3) $160*. 55 

[$891.45]; (4) 11.07; (5) $17762 [$9868j 
Schedule G — (1) $300; (2) 0.9; (3) $270; (4) 0; (5) $270 
Sc hedule H — 0 
Schedule 1 — 0 

Schedule J - (1) $17762 [$9868]; (2) $270; (3)-(6> 0; (7) $18032 [$10138] 
Schedule K — (1) $18697 [$10388]; (2) $18032 [$10138]; (3) $665 [$250] 



4? <t ■ 



S 



Schedu le L — (1) (a) $935 [$520] ; (b) 0; (c) $935 [$520]; (2) (a) $270; 
(b)-(c) 0; (d) $270; (3) 3.46 [1.93] 



Install Lighting: 

Schedule A — (1) 2000kWh; (2) $0.06/kWh; (3) $120; (4) 11.07; (5) $1328; 

Total $1328 
Schedule B — 0 

Schedule C — 0 ' 
Schedule D ~ 0 

Schedule E — (1) $1328; (2)-(6) 0; (7) $1328 

Schedule F — (1) 800kWh; (2^$0.06/kWh; (3) $48; (4) 11.07; (5) $531; 
Total $531 

6 

Schedule G — (1) $300; (2) 0.9; (3) $270; (4) 0; (5) $270 

Schedule H — 0 


Schedule I — 0 

Schedule J — (1) $531; (2) $270; (3)-(6) 0; (7) $801 

Schedule K — (1) $1328; (2) $801; (3) $527 

Schedule L — (1) (a) $797; (b) 0; (c) $797; (2) (a) $270; (b) 0; (c) 0; 

» 

(d) $270; (3) 2.95 
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PROJECT SELECTION 



PROJECT 

Heat pump 

Insulation 
without HP 

Lighting 

Solar water 
heater 

Insulation 
with HP 



PROJECT 
C OST ($ ) 

1700 



300 
300 

.1600 

300 



NET 

SIR SAVINGS ($) SELECTION 
5.43 6,779 



3.46 665 

2.95 527 

2.28 1850 

1.93 250 
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Computer Room Waste Heat Recovery Problem: Solution 
Schedule A — steam: (1) 360.3 Mlb (1GPD x 3000P x 252Dy/Yr x 8.341b/G x 

(120 - 60)) * 1.05 mmBtu/Mlb - 360.3h|l; (2) «9.00/Mlb; 
(3) $3243; (4) 15.93; (5) $51654 

Schedule B — 0 
Schedule C — 0 
Schedule D — 0 

Schedule E — (1) $51654; (2)-(6) 0; (7) $51654 

Schedule F — (1) 240.2Mlb (1GPD x 3000P x 252Dy/Yr x 8.341b/G x (120 - 80)) 
: 1.05mmBtu/Mlb - 240.2Mlb); (2) $9.00/Mlb; (3) $2162; 
(4) 15.93; (5) $34436; Total $34436 

Schedule G — (1) $6000 - $7000; (2) 0.9 (1 - 0.1 - 0.9); (3) $5400 - $6300; 
(4) 0; (5) $5400 - $6300 

Schedule H — (1) $200; (2) 11.65; (3) $2330 

Schedule I — (1) 15; (2) 0; (3) $500; (4) 0; (5) .36; (6) C (7) $180; 

(8) 0; Totals (6) 0, (7) $180; (8) 0 
Schedule J • (1) $34436; (2) $5400 - $6300; (3) $2330; (4) 0; (5) $180; 

(6) 0; (7) $42346 - $43246 
Schedule K - (1) $51654; (2) $42346 - $43246; (3) $8408 - $9308 
Schedule L (1) (a) $17218; (b) -$2330; (c) $14888; (2) (a) $5400 - $6300; 

(b) $180; (c) 0; (d) $5580 - $6480; (3) 2.30 - 2.67 
Break-Even (with adj. factor): .9P&I(BE) - $17218 - $2330 - $180 - 

$14708/. 9 - $16342, where P&I(BE) - break-even purchase and 

installation cost. 



ERIC 



12-12 165 



\ 



Section 13 



Problem Set C 



This section contains problems related to the treatment of uncertainty in 



project analysis, presented sp follows: 



/ 



(1) Sensitivity Analysis Prbblem: Insulation 

(2) Problem in Probability Analysis: Heat Pump Versus Solar Energy System 



Solutions to these problems are provided at the end of this section, 



\ 
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Problem Set C 

\ 

N Sensitivity Analysis Problem: Insulation 

(Note: This is a hypothetical example intended only to illustrate the 
technique.] 

Problem Description : Assume that you, as a homeowner, wish to insulate your 
attic, which is currently uninsulated, to reduce your electricity cost. The 
house is heated by an electric resistance system and the current price of 
electricity is $.057/kWh ($16.77/10°Btu). You expect to remain in the house 
another 25 years. Your besc alternative use of the money you have available 
to spend on insulating the house is for a tax-free bond paying 10% compounded 
annually. Current inflation is about 3% per year. The house is located in 
Washington, D.C. 

Using the Means Building Construction Cost Data Guide as a rough approximation 
of costs,* you find the following cost data for this area for fiberglass 
batts: 

Material Cost Labor Overhead and Profit 
($/ft 2 ) ($/ft2) (Multiplier) 

R-ll .14 .06 1.25 

R-19 .24 .07 1.23 

R-30 .40 .08 1.17 

R-38 .55 .09 1.15 

♦ 

In the past you have occasionally seen a 50% sale on installed insulation. 
However, you haven 9 t seen any sales recently and do not know if the lower 
price will be available. 

Further, you have noted a recent upswing in the local building industry which 
may have driven labor rates sharply higher—as much as double those reported 
by Means . 

The area to be insulated is 1,200 ft2. y 0 u are basing your energy savings on 
DoE-projecced price increases in energy, based on a recent research report by 
the National Bureau of Standards which estimated the annual savings from attic 
insulation for a house similar to yours as follows: 

Change In Annual Heating Requirments 
(10 6 Btu) 



O-R-li 12.913 

O-R-19 14.98'/ 

O-R-30 16.315 

O-R-38 16.833 

Determine : How sensitive is the optimal level of attic insulation to these 
potential variations in costs. 

*R.S. Means assumes large job sizes so these costs will tend to be lower than 
what the homeowner would fact. 



9 
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Problem Set C 



Problem in Probability Analysis Heat Pump Versus Solar Energy System 

[Note: This it a hypothetical problem intended only to Illustrate the 
technique.] 

itzxz zzssz? ess sura «=S2rlL» ta 

o, the .ol.r/.uxlll«y .£« VMitt- L ""-ted .t 
m^wSch 3 ^ d?U U«2— on th. b..i. of .ini-i,ing the 
expected value of the life-cycle cost? 
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•Sensitivity Analysis Problem: Solution 



Insulation Annual Heating Total 
Level Required PV Savings 
(10 6 Btu) $ 


Total PV Costs 


Net Savings 


Low Med. High 


Low Med. High 
Cost Cost Cost 


O-RU 1L.913 3,105 
0-R19 14.987 3,604 
0-R30 16.315 3,923 
0-R38 16.833 4,048 


150 300 390 
229 458 561 
337 674 786 
442 883 1,007 


2,955 2,805 2,715 
3,375 3,146 3,043 







16*3 
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Probability Analysis Problem: Solution 
EV (Heat Pump) - $25,000 

EV (Solar/Auxiliary) - ($20,000) • (.7) + ($35,000) • (.3) - 024,500 



There is very little difference in the expected value of the outcomes; but the 
solar/auxiliary system is expected to have a slightly smaller life-cycle cost 
and could be recommended on that basis* 
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Section 14 "* 



Problem Set D 



This section contains problems whose solutions utilire other analysis 
techniques such as break-even analysis and replacement methodology. The 
problems are presented as follows: 

(1) Team Problem-Break-Even Orders for a Computerized Procurement System 

(2) Team Problem-Determining Optimal Retirement of Equipment 



Solutions to 



these problems are provided at the end of this section. 



J 



*1 
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Problem Set D 

Team Problera—Break-Even Orders for a Computerized Procurement System 

(Note: This hypothetical problem is intended only to illustrate the 
technique. ] 

Problem Statement : 

A Federal agency procurement office is considering the purchase of a new 
computerized system that is expected to cut average labor time per order in 
half. The number of orders has been identified as a key determinant of the 
cost effectiveness of the system, and management wishes to make the decision 
based on cost effectiveness. 

* 

Past trends in procurement orders have been analyzed, and a projection has 
been made of future orders in terras of lower and upper boundary estimates. 
Over the next three years, the average projected low estimate is 500 orders 
per year and the average high is 800. Other data and assumptions are given 
below: 

Data and Assumptions: 

System purchase and installation cost - $45,000 

Annual maintenance cost - $2,000 
(Fixed by contract in constant dollars) 

Service charge per order - $1.00 
(Fixed by contract in constant dollars) 

System life - 10 years 

Salvage ■ 0 

Labor savings per order ■ $12.00 
(Constant dollars) 
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To Do; 



»ased on the data and assumptions, perform, a break-even analysis of the annual 
procurement orders and. on this basis, sdvise msnsgement on the decision. 
Uote: Assume the project is not regarded as an energy conservation project. 1 
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Problem Set D 



v. 

Team Problem — Determining Optimal Retirement of Equipment 

(Note: This hypothetical example %s intended only to illustrate the 
technique.] ^ 

Problem Statement : The existing motor-generator sets which power passenger 
and freight elevators in a Federal building complex consume 2 million kWh's of 
electricity per year. At the time of the analysis (early 1983), electricity 
costs $0.06/kWh, and the price is projected to increase over the next 5 years 
at an annual compound rate 5 percent faster than general price inflation and 
thereafter at a rate 1 percent faster than the general inflation rate. 

With an extensive overhaul and modifications costing $50,000, it i« estimated 
that annual power consumption could be reduced by 15 percent and equipment 
life extended to as long as 25 years. Without the overhaul, the equipment is 
expected to last another 5 years, at which time overhaul will no "longer be • 
feasible. 

New elevator power equipment is available at a purchase and installation cost 
of $400,000. It will cost $20,000 to remove and dispose of the old equipment 
and to^prepare the machine rooms to receive the new equipment. There is no 
rebale or reuse market for this kind of equipment when it is removed from 
service. The new equipment is expected to be 25 percent more energy efficient 
than the existing equipment without the overhaul. The new equipment is , 
expected to last for the duration of the building life wJiich is estimated to 
be indefinite. 

No appreciable difference is estimated in maintenance and repair costs of the 
new and existing system, whether overhauled or not. The new equipment is 
expected ^to^ continue to be "state-of-the-art" for the foreseeable future, and 
It 8 constant dollar costs are expected to remain the same over time. 



Determine : 

(1) Decision alternatives to be considered. 

(2) The estimated least-cost alternative. 

(3) The net savings estimated to be derived from making tlie cost-effective 
decision. 
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Team Problem — Break-Even Orders for a Computerized 
Procurement System: Solution 



BREAK-EVEN: LABOR-MACHINE DECISION 

SOLUTION - Find break-even no. of orders and compare with 

projected no. of orders 

PV costs = PV savings 

$45,000 + ($2,000 x UPW 10 ) + ($1.00 * no.orders x UPW 10 ) = 

$12.00 x no. orders x UPW10 
$45,000 + ($2,000 x 6.145) + ($100 x no. orders x 6.145) = 

$12.00 x no. orders x 6.145 
S45.000 + $12,290 + 6.145 no. orders = 73.74 no. orders 

67.60 no. orders = 57,290 

Break-even no. orders = 847.49 annually 
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BEST COPY AVAILABLE 



Team Problem — Determining Optimal Retirement of Equipment: Solution 



KEEP EXISTING EQUIPMENT "AS IS" FOR 5 YRS, 

THEN REPLACE 

ENERGY COSTS, NEW EQUIP. COST, 

YRS. 1-5 END OF YR. 5 

PV « [2,000,000kWh x $0.06/kWh x UPWj yr 7% 5% J + [($400,000 + 20,000) x SPW 5 yr 7% J 

ENERGY COSTS, 
YRS. 6-25 

+ [(1-0.25) x 2,000.000 x $0.06 x SCA 5 yr< 5% x UPWj,, yr 7% 1% x SPW 5 yr< 7% ] 
■ [2,000,000 x $0.06 x 4.73] + [$420,000 x 0.71 ] + [0.75 x 2,000,000 x 

$0.06 x 1.28x 11.53x0.71] 
= $1,808,862 
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/ 
/ 



RETIRE EQUIPMENT IMMEDIATELY 

NEW EQUIPMENT ENERGY COSTS, YRS. 1-25 

PV = [$400,000 + 20,000] + [(10.25) x 2,000,000 x $0.06 x [UPWj yr , 7% , 8% ■ 
(SCA 5 v% 5% x UPWJq yr , 7 . /o , 1% x SPW 5 yr , 7 . /o )l] 
= $420,000 + [0.75 x 2,000,000 x $0.06 x [4.73 + (1.28 x 11.53 x 0.71)]] 

= $1,788,762 



l 7 77 



OVERHAUL EXISTING EQUIPMENT 

V 

OVERHAUL ENERGY COSTS, 

COST YRS. 1-25 

* ✓ 

PV = [$50,000] + [(1-0.15) x 2,000,000 x $0.06 x [UPW: T0/ ' 0/ + 

(SCA » yr, 5% « upwJ„ yr _ 7% 1% x spw 5 F> 7%)l ] 

= $50,000 + [0.8S x 2,000,000 x $0.06 x (4.73 + (1.28 x 11.53 x 0.71)]] 
= $1,601,263 
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COST-EFFECTIVE DECISION 



Overhaul existing equipment 
Net savings: 

- $207,599 Relative to keeping equipment "as is" for 
5 yrs, then replacing 

- $187,499 Relative to retiring existing equipment 
immediately 
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TAB 15 
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\ 



PROBLEM SET 15 



This tab contains a tample economic evaluation report. 



\ 

\ 



I 

i 
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Problem Set E 



Team Critique of an Economic Evaluation Report 

Critique this report as a team. Identify errors in problem formulation, 
assumptions, analysis, and recommendations. Describe the nature of the errors 
and how you would have avoided them. Select a representative of your tjam Lo 
present to the class your version of an improved report. 
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Energy Conservation Feasibility Study 



Federal Building I 
Washington, D.C. 



Submitted by 
XYZ Associates 
Contractors Park, USA 



[Note: This is purely a hypothetical examp 1 ...vended only as an 
instructional aid for illustrating important elements of an economic 
evaluation report . I 
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)• Objective and Scope 

This report analyzes six alternatives for reducing utility costs in Federal 
Building I, an existing office building in Washington, D.C. The report 



provides GSA decision makers with economic guidance as to which conservation 
retrofits to select in light of the GSA objective of maximizing net savings 
from energy conservation subject to budgeting constraints. 

2. Alternatives 



The si?c alternatives are time clocks for lighting control, additional roof 
insulation, storm windows on the North side, flow restrictors for saving hot 



water in restrooms, use of cool night air to precool the building during the 
summer, and insulated window drapes. Other alternatives were considered, but 
they were rejected because their savings were difficult to calculate. 

t" 

3. Assumptions and Data 

A study period of 25 years is used for energy retrofits, and a study period of 
20 years is used for the flow restrictors. 

A real discount rate of 10% is used for evaluating the roof insulation and 
time clocks, and a real discount rate of 13% is used for the rest of the 
retrofits. 



All future costs that are discounted to present values are stated in current 
dollars to account for inflation. 



s 



i. 
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The report evaluates retrofits for the, 1984 budget year. Since agency funding 
for 1984 is not yet determined, three budget levels covering the range that 
might be expected are assumed as follows: $92,000; $145,000; and $400,000. 
An economically efficient set of retrofit projects is selected for each of the 
three budget levels. 

r 

Occupant satisfaction with the building in terras of thermal comfort, lighting 
levels, and water supply are assumed to be unaffected by the proposed 
retrofits. * 

4. Analysis 

The conservation retrofits are arranged in descending order of their cost 
effectiveness. Since the objective is to maximize net s-ivings from 
conservation retrofits, coluiw 4 (net dollar savings) determines t..-> ranking 
of the six projects. 

All projects except using cool night air to precool buildings in the summer 
are estimated to be cost effective in the sense that the SIR is greater than 
1.0 and the payback is less than four years. 

To maximize net savings under each of three budget scenarios, each project 
should be selected in the order given by column 5 until net savings become 
zero or negative, or until the budget is exhausted. 
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Table 1. Summary of Conservation Retrofits 



• / 

Retrofit 


^- — 

Total Life-Cycle 
Cost Savings a 
$ 
(1) 


First 
Cost 

(2) 


SIR 
(3)«(1)-H2) 


Net 
Savi ngs 

$ 

(4)«(l)-(2) 


Economl c 
Priority 
(5) 


• 

Storm Windows on 
North Side 


276,000 


90,500 


3.0 


185,000 


1 


Time Clocks for 
Lighting Control 


V 226,000 


53,400 


4.2 


172,600 


2 


Flow Kestrictors 
in Kest rooms 


55,000 


3,000 


18.3 


52,000 


3 


Roof Insulation 


53,000 


2,600 


20.4 


50,400 


4 


insulated Window 
Drapes 


2"6,300 


195,500 


1.1 


10,800 


5 


Cool Night Air 


130,000 


140,000 


0.9 


i 

-10,000 


6 



to Precool Building 
i n Surame r 



a The data and calculations that underly the cost and savings figures in this table are 
available from a research assistant at XYZ Associates. 
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5. Recommendations 

For a budget of $92,000, storm windows on the North side of the building 
should be Installed. Storm windows yield the greatest net benefitR. The 
$1,500 remaining is insufficient to undertake any of the other projects. 



For a budget of $145,000, both the storm windows and the time clocks should be 
installed. The $1,100 remaining is insufficient to undertake any other 
project. > 

For a budget of $400,000, all of the projects except using cool night air to 
precool the building in summer should be selected. Having a budget larger 
than the cost of all available alternatives is equivalent to having no budget 
constraint. Therefore any project with a relatively large SIR should be 
undertaken. Using cool night air is rejected becauv* its SIR is lower than 
any of the other retrofits. For this reason it would not be acceptable 
regardless of the budget size. 
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